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Abstract
The longitudinal, 1988-89, LMAS makes it possible to study the
interaction between social assistance and labour supply while allowing for
substantial time dependence. Tobit equations for hours worked on and off
social assistance, which allow for endogenous selection of social
assistance status, are estimated using FIML. Small, but statistically
significant, effects for a social assistance benefit variable are obtained,
particularly for females. A claw-back variable is not consistently useful. The
wage rate has a consistently negative coefficient in the selection
equations and is important in the Tobit equations. The paper attempts to
reconcile results in earlier literature.
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Wkh vrfldo dvvlvwdqfh surjudp lq Fdqdgd4 kdv jurzq lq vl}h dqg/ lq oljkw ri wkh
gl!fxow ￿qdqfldo flufxpvwdqfhv idfhg e| doo ohyhov ri jryhuqphqw/ lw kdv dwwudfwhg
wkh dwwhqwlrq ri srolf| pdnhuv1 Vrph surylqfhv kdyh lpsohphqwhg/ ru duh sodqqlqj/
uhirupv wr wkhlu v|vwhpv1 Zkhuh uhirupv kdyh douhdg| surfhhghg/ wklv dsshduv wr
kdyh rffxuuhg ehfdxvh ri srolwlfdo lpshudwlyhv udwkhu wkdq lq uhvsrqvh wr ￿qglqjv
iurp vwxglhv ri wkh ghwhuplqdqwv ri sduwlflsdwlrq lq vrfldo dvvlvwdqfh surjudpv
dqg lq wkh oderxu pdunhw1 Lw lv qrw fohdu zkhwkhu wkh wlph vhulhv uhgxfwlrqv lq wkh
Rqwdulr vrfldo dvvlvwdqfh fdvhordg5 duh gxh wr uhfhqw uhgxfwlrqv lq wkh jhqhurvlw| ri
wkh surjudp/ dgplqlvwudwlyh fkdqjhv/ wkh txlfnhqlqj sdfh ri hfrqrplf dfwlylw|/ ru
doo ri wkhvh irufhv1 Txhvwlrqv vxfk dv wkhvh pxvw eh srvhg lq wkh frqwh{w ri d prgho
wkdw lv fdsdeoh ri dgguhvvlqj vlpxowdqhrxvo| wkh vrfldo dvvlvwdqfh rxwfrph dqg
oderxu pdunhw lqyroyhphqw iru/ zlwk vx!flhqw krxuv ri zrun dqg2ru d kljk0hqrxjk
zdjh udwh/ dq lqglylgxdo zrxog qrw eh holjleoh iru dvvlvwdqfh1 Xvlqj furvv0vhfwlrqdo
hylghqfh/ wklv sdshu wdnhv d vwhs lq wklv gluhfwlrq e| frqvlghulqj wkh uroh ri wkh
4Xqghu wkh Fdqdgd Dvvlvwdqfh Sodq +FDS, Dfw wkh ihghudo jryhuqphqw dvvxphv derxw kdoi
wkh frvw ri vrfldo dvvlvwdqfh1 Surylqfhv gr kdyh vxevwdqwldo srzhuv lq wkh ghvljq/ dgplqlvwudwlrq
dqg gholyhu| ri vrfldo dvvlvwdqfh1 Zkloh prvw surylqfhv kdyh d xql￿hg v|vwhp/ rwkhuvvxfk dv Qryd
Vfrwld/ Pdqlwred dqg Rqwdulr rshudwh v|vwhpv zkhuh pxqlflsdolwlhv dv zhoo dv wkh surylqfh kdyh
fhuwdlq uhvsrqvlelolwlhv 0 ghshqglqj rq wkh fkdudfwhulvwlfv ri wkh fodlpdqw1 Holjlelolw| lv edvhg rq
d qhhgv whvw dqg wdnhv krxvhkrog lqfrph lqwr dffrxqw1 Uhihuhqfh wr Fdqdgd*v vrfldo dvvlvwdqfh
surjudp/ wkhuhiruh/ vkrxog eh xqghuvwrrg dv uhihuhqfh wr dq h{fhhglqjo| frpsoh{ vhw ri holjlelolw|
uxohv/ ehqh￿w vwuxfwxuhv/ hduqlqjv h{fhpswlrqv/ wuhdwphqwv ri ￿{hg dqg oltxlg dvvhwv/ fkloguhq
dqg glvdelolw|1 Lq 4<<9/ FDS zdv uhsodfhg e| wkh eorfn ixqg lq wkh Fdqdgd Khdowk dqg Vrfldo
Wudqvihu1
5Iru ghwdlov/ vhh qrwh 69 ehorz1sdudphwhuv ri wkh vrfldo dvvlvwdqfh surjudp lq vkdslqj surjudp sduwlflsdwlrq dqg
oderxu pdunhw lqyroyhphqw ghflvlrqv1 Vhfwlrq 5 uhylhzv Fdqdgldq zrun rq wklv
wrslf1 Zkloh d qxpehu ri vwxglhv kdyh ehhq xqghuwdnhq/ wkhvh whqg wr irfxv rq
wkh ehkdylrxu ri d sduwlfxodu jurxs +pdlqo| orqh prwkhuv dqg lppljudqwv,/ dvshfw
ri dfwlylw| +wkh vrfldo dvvlvwdqfh ghflvlrq,/ ru h{shulhqfh lq d sduwlfxodu surylqfh1
Wkh sdshu wuhdwv vrfldo dvvlvwdqfh sduwlflsdwlrq dqg oderxu pdunhw lqyroyh0
phqw vlpxowdqhrxvo| dqg h{whqgv wkh dqdo|vlv wr wkh zlghvw vdpsoh wkdw fdq eh
frqvlghuhg rq d Fdqdgd0zlgh edvlv1 Wkh ehkdylrxu ri jurxsv/ vxfk dv orqh prwk0
huv dqg lppljudqwv zklfk duh ri sduwlfxodu sxeolf srolf| lqwhuhvw/ lv frqvlghuhg1
Xqolnh hduolhu zrun/ zklfk kdv whqghg wr vwxg| rqo| zrphq/ wklv sdshu frqvlghuv
revhuydwlrqv shuwdlqlqj wr erwk jhqghuv dqg d ydulhw| ri idplo| xqlwv 0 h1j1 vlqjoh
lqglylgxdov/ orqh sduhqwv dqg lqglylgxdov zkr kdyh d vsrxvh suhvhqw dqg pd|/ ru
pd| qrw/ kdyh fkloguhq1 Wkh furvv0vhfwlrqdo qdwxuh ri wkh gdwd xvhg pdnhv lw srv0
vleoh wr frqglwlrq wkh dqdo|vlv rq sdudphwhuv ri vrfldo dvvlvwdqfh surjudpv zklfk
gl￿hu e| surylqfh/ wkhuhe| lqmhfwlqj frqvlghudeoh furvv0vhfwlrqdo yduldelolw| lqwr
wkh vwdwlvwlfdo zrun> ixuwkhu yduldqfh lq wkh vrfldo dvvlvwdqfh yduldeohv lv lqgxfhg
dv wkh lqglylgxdo*v glvdelolw| vwdwxv dqg qxpehu ri fkloguhq duh wdnhq lqwr dffrxqw1
Dq dgydqwdjh ri wkh gdwd edvh xvhg ryhu rwkhu furvv0vhfwlrqdo gdwd lv wkdw lw lv
srvvleoh wr frqglwlrq rq wkh lqglylgxdo*v sduwlflsdwlrq lq vrfldo dvvlvwdqfh dqg lq
wkh oderxu irufh gxulqj wkh |hdu sulru wr wkh rqh xqghu vwxg|1 Dq dwwhpsw lv dovr
pdgh wr frqvlghu wkh h{whqw wr zklfk glyhujhqw uhvxowv lq wkh h{lvwlqj/ h{foxvlyho|
furvv0vhfwlrqdo/ olwhudwxuh fdq eh uhfrqflohg1 Vhfwlrq 6 rxwolqhv wkh frqfhswxdo dqg
hfrqrphwulf iudphzrun dgrswhg zkloh vhfwlrq 7 frqvlghuv gdwd lvvxhv1 Vhfwlrq 8
frqwdlqv wkh uhvxowv rewdlqhg dqg vhfwlrq 9 suhvhqwv frqfoxglqj revhuydwlrqv1
551 Hduolhu Olwhudwxuh
Lqwhuhvw e| hfrqrplvwv lq Fdqdgd*v surjudp ri vrfldo dvvlvwdqfh lv uhodwlyho| uh0
fhqw1 Doohq +4<<6, h{soruhv wkh h￿hfwv ri wkh edvlf vrfldo dvvlvwdqfh dqg oltxlg
dvvhw h{hpswlrq sdudphwhuv lq surylqfldo surjudpv rq zhoiduh sduwlflsdwlrq/ idp0
lo| vwuxfwxuh dqg oderxu irufh sduwlflsdwlrq dprqj orz0lqfrph zrphq1 Wkh prgho
wuhdwv wkhvh ghflvlrqv dv lqghshqghqw dqg Doohq +4<<6, frqfoxghv wkdw wkh hodvwlf0
lw| ri oderxu irufh sduwlflsdwlrq zlwk uhvshfw wr vrfldo dvvlvwdqfh ehqh￿wv lv vpdoo
zkloh wkh hvwlpdwhg vrfldo dvvlvwdqfh sduwlflsdwlrq dqg idplo| vwuxfwxuh hodvwlf0
lwlhv duh pruh vxevwdqwldo1 Xvlqj wkh Oderxu Pdunhw Dfwlylw| Vxuyh| +OPDV,/
Fkduhwwh dqg Phqj +4<<7, ￿qg wkdw zkloh vrfldo dvvlvwdqfh ehqh￿w ohyhov dqg
hvshfldoo| hduqhg lqfrph h{hpswlrqv pd| sod| d vljql￿fdqw uroh lq wkh sduwlflsd0
wlrq ghflvlrq ri ihpdoh khdgv ri krxvhkrogv/ wkh h￿hfw ri wkh surjudp fodz0edfn
udwh rq hduqlqjv deryh wkh h{hpswlrq ohyho lv ohvv fohdu1 Grroh| +4<<7, frqfoxghv
wkdw wkh ohyho ri vrfldo dvvlvwdqfh lv d vljql￿fdqw ghwhuplqdqw ri surjudp sdu0
wlflsdwlrq iru orqh prwkhuv1 Ednhu dqg Ehqmdplq +4<<8d, frqvlghu wkh uhfhlsw
ri vrfldo dvvlvwdqfh dprqj fhqvxv idplolhv xvlqj wkh 4<;9 dqg 4<<4 Vxuyh|v ri
Frqvxphu Ilqdqfhv +VFI,1 Wkh| duh sduwlfxoduo| lqwhuhvwhg lq wkh ehkdylrxu ri
lppljudqw idplolhv/ gh￿qhg khuh dv wkrvh zkrvh khdg zdv eruq rxwvlgh Fdqdgd1
Wkh| ￿qg wkdw/ rq hqwu|/ lppljudqw frkruwv duh ohvv olnho| wr eh rq vrfldo dvvlv0
wdqfh wkdq wkh Fdqdgldq0eruq/ wkdw/ djdlq rq hqwu|/ pruh uhfhqw frkruwv duh pruh
olnho| wr eh rq vrfldo dvvlvwdqfh wkdq hduolhu frkruwv ri lppljudqwv dqg wkdw wkh
suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw lqfuhdvhv ryhu wlph vshqw lq Fdqdgd iru doo
6frkruwv16 Wkh 4<<7 FHUI2EFPVV Zrunvkrs rq Oderxu Pdunhwv dqg Lqfrph
Vxssruw h{dplqhg dvshfwv ri zhoiduh ehkdylrxu riwhq xvlqj gdwd wdnhq iurp wkh
Eulwlvk Froxpeld Lqfrph Dvvlvwdqfh Surjudp1 Sduwlfxodu dwwhqwlrq lv sdlg wr wkh
gxudwlrq dqg gxudwlrq ghshqghqfh ri vshoov rq vrfldo dvvlvwdqfh1 Edloh| +4<<7,
hydoxdwhv wkh lpsdfw ri wkh E1F1 Hqkdqfhg Hduqlqjv H{hpswlrq rq oderxu vxs0
so| dqg rq h{lw udwhv iurp wkh Lqfrph Dvvlvwdqfh Surjudp e| idplo| w|sh1 Kh
frqfoxghv wkdw/ zkloh pruh jhqhurxv hduqlqjv h{hpswlrqv pd| kdyh lqfuhdvhg wkh
hduqlqjv dqg oderxu vxsso| ri vrfldo dvvlvwdqfh uhflslhqwv/ wkh jhqhudo h￿hfw ri wkh
qhz h{hpswlrq ohyhov rq h{lw iurp wkh surjudp lv xqfohdu1 Hylghqfh ri d vpdoo
uhwhqwlrq h￿hfw zdv irxqg iru orqh sduhqw idplolhv exw qrw iru rwkhu idplo| vwuxf0
wxuhv1 Wkh g|qdplfv ri vrfldo dvvlvwdqfh ghshqghqfh lq Eulwlvk Froxpeld lv dovr
h{dplqhg lq Eduuhww dqg Fudjj +4<<;, dqg Eduuhww +4<<9,1 Wkh odwwhu ￿qgv wkdw
h{lw iurp vrfldo dvvlvwdqfh lv qhjdwlyho| uhodwhg wr wkh jhqhurvlw| ri wkh vrfldo dvvlv0
wdqfh surjudp dqg d vlplodu uhvxow dsshduv wr krog iru Txhehf lq Iruwlq/ Odfurl{
dqg Wkledxow +4<<:,1 Vwhzduw dqg Grroh| +4<<:, vwxg| wkh gxudwlrq ri zhoiduh
vshoov xvlqj dgplqlvwudwlyh gdwd iurp Rqwdulr1 Fdug dqg Urelqv +4<<9, suhvhqw d
surjuhvv uhsruw rq wkh Vhoi0Vx!flhqf| Surmhfw1 Wkxv/ wkh h{lvwlqj olwhudwxuh whqgv
wr vxjjhvw wkdw wkh jhqhurvlw| ri wkh vrfldo dvvlvwdqfh v|vwhp kdv vrph lpsdfw rq
erwk wkh suredelolw| ri surjudp sduwlflsdwlrq dqg wkh gxudwlrq ri vshoov rq vrfldo
dvvlvwdqfh exw lw lv jhqhudoo| vlohqw rq wkh lvvxh ri zkhwkhu surjudp sdudphwhuv
kdyh dq h￿hfw rq wkh vxsso| ri oderxu1
Fkulvwr￿ghv/ Vwhqjrv dqg Vzlglqvn| +4<<:d, +FVV, dsshduv wr eh wkh rqo|
Fdqdgldq vwxg| ri wkh lqwhudfwlrq ehwzhhq sduwlflsdwlrq lq wkh oderxu irufh dqg
6Ixuwkhu glvfxvvlrq rq wkh xvh ri vrfldo dvvlvwdqfh e| lppljudqwv fdq eh irxqg lq Ednhu dqg
Ehqmdplq +4<<8e, dqg Oxl0Jxuu +4<<8,1
7vrfldo dvvlvwdqfh1 Lw dgrswv d Elyduldwh Surelw prgho ri sduwlflsdwlrq lq wkh oderxu
irufh dqg lq vrfldo dvvlvwdqfh dqg xvhv lw wr h{dplqh vhohfwlrq0dgmxvwhg krxuv htxd0
wlrqv iru lqglylgxdov rq dqg r￿ vrfldo dvvlvwdqfh1 Wklv vwxg|/ zklfk frqvlghuv
vhsdudwho| vlqjoh pdohv dqg ihpdohv dqg orqh idwkhuv dqg prwkhuv/ frqfoxghv wkdw
wkh sdudphwhuv ri wkh vrfldo dvvlvwdqfh surjudp gr qrw dsshdu wr h{huw dq| lq x0
hqfh rq wkh ghflvlrqv ri wkhvh irxu jurxsv1 Lqvwhdg/ shuvrqdo fkdudfwhulvwlfv +vxfk
dv glvdelolw| dqg wkh qxpehu ri fkloguhq suhvhqw, dqg oderxu pdunhw frqglwlrqv
+vxfk dv wkh zdjh udwh dqg uhjlrqdo lqglfdwruv, duh vhhq wr eh lpsruwdqw1 Wkhvh
uhvxowv udlvh wkh txhvwlrq ri zkhwkhu wkh| vwhp iurp wkh lqwhjudwhg iudphzrun
dgrswhg/ wkhlu sduwlfxodu wuhdwphqw ri vdpsoh vhohfwlrq/ ru wkh vl}h ri wkh vdpsohv
xvhg dqg wkh| fdoo iru ixuwkhu lqyhvwljdwlrq ri wkh lqwhudfwlrq ehwzhhq xvh ri vrfldo
dvvlvwdqfh dqg oderxu vxsso|1
FVV dqg wklv sdshu erwk irfxv rq wklv lqwhudfwlrq exw wkh| gl￿hu lq lpsruwdqw
prgho/ vdpsoh dqg yduldeoh0xvhg uhvshfwv1 E| vshfli|lqj d elyduldwh surelw prgho
iru wkh vrfldo dvvlvwdqfh dqg oderxu irufh sduwlflsdwlrq ghflvlrqv/ FVV lpsolflwo|
vsolw wkh ehkdylrxu dqdo|}hg e| wkh Wrelw oderxu vxsso| htxdwlrq lq wkh suhvhqw
sdshu lqwr wkh oderxu irufh sduwlflsdwlrq ghflvlrq rq wkh rqh kdqg dqg wkh ghvluh wr
vxsso| krxuv ri zrun frqglwlrqdo rq sduwlflsdwlrq rq wkh rwkhu1 Lq sulqflsoh/ wklv
vhsdudwlrq shuplwv wkh dqdo|vhv ri sduwlflsdwlrq dqg h{whqw ri zrun wr surfhhg
dorqj gl￿huhqw olqhv dqg grhv qrw lpsrvh wkh frqvwudlqw/ lpsolflw lq wkh Wrelw
dssurdfk/ wkdw yduldeohv pxvw d￿hfw wkh wzr dvshfwv ri ehkdylrxu lq sursruwlrq
dqg zlwk wkh vdph vljq17 Lq sudfwlfh/ wklv dgydqwdjh lv gl!fxow wr h{sorlw jlyhq
7Wkh h￿hfw ri d frqwlqxrxv yduldeoh rq wkh xqfrqglwlrqdo h{shfwhg ydoxh ri krxuv vxssolhg
lv sursruwlrqdo wr lwv h￿hfw rq wkh suredelolw| ri oderxu irufh sduwlflsdwlrq/ wkh sursruwlrqdolw|
idfwru ehlqj d ixqfwlrq ri wkh udwlr ri wkh vwdqgdug qrupdo ghqvlw| dqg fxpxodwlyh ghqvlw|
8wkdw dydlodeoh gdwd gr qrw vshfl￿fdoo| shuwdlq wr wkh sduwlflsdwlrq +dv glvwlqfw
iurp wkh vxsso| ri krxuv, ghflvlrq1 Pruhryhu/ lw uhtxluhv wkh hvwlpdwlrq ri krxuv
wr surfhhg xvlqj Khfnpdq0w|sh fruuhfwlrqv iru vdpsoh vhohfwlrq1 Lw lv zhoo0nqrzq
wkdw wkhvh fruuhfwlrqv pd| ohdg wr uhvxowv zklfk duh vdpsoh ghshqghqw8 dqg lw lv
suhihudeoh wr e|sdvv wkh vdpsoh vhohfwlrq sureohp dowrjhwkhu1 Wkh prgho xvhg lq
wklv sdshu grhv wklv dqg r￿huv d vhqvlwlylw| dqdo|vlv e| surylglqj hvwlpdwhv ri wkh
h￿hfwv ri surjudp sdudphwhuv edvhg rq d gl￿huhqw iudphzrun1
Wkh prgho lq FVV fxoplqdwhv lq htxdwlrqv iru wkh krxuv ri zrun e| lqglylgxdov
zkr gr zrun dqg duh hlwkhu rq ru r￿ vrfldo dvvlvwdqfh1 Wkhvh htxdwlrqv pxvw eh
hvwlpdwhg xvlqj vpdoo vxe0vdpsohv ri lqglylgxdov rq vrfldo dvvlvwdqfh zklfk udqjh
iurp 57 wr 576 revhuydwlrqv iru orqh idwkhuv dqg prwkhuv uhvshfwlyho|1 Lq wkh
suhvhqw sdshu/ wkh oderxu pdunhw lqyroyhphqw ri lqglylgxdov rq dqg r￿ vrfldo dv0
vlvwdqfh lv h{dplqhg xvlqj hqgrjhqrxvo| vhohfwhg Wrelw htxdwlrqv zklfk duh edvhg
rq frqvlghudeo| odujhu vdpsohv1 Zkloh phq dqg zrphq duh frqvlghuhg vhsdudwho|/
srvvleoh gl￿huhqfhv lq wkh ehkdylrxu ri vlqjoh lqglylgxdov dqg orqh sduhqwv duh
prghoohg wkurxjk d pdulwdo vwdwxv lqglfdwru dqg yduldeohv vljqdoolqj wkh suhvhqfh
ri fkloguhq1 D vxevwdqwldo qxpehu ri dgglwlrqdo revhuydwlrqv duh srvvleoh li wkh
vdpsoh lv h{sdqghg wr lqfoxgh/ dv vrph hduolhu vwxglhv kdyh/ lqglylgxdov zkr kdyh
d vsrxvh suhvhqw1 Wkh dgglwlrq ri wklv jurxs udlvhv lvvxhv frqfhuqlqj frqglwlrqlqj
yduldeohv zklfk duh dgguhvvhg ehorz1 Wkhvh remhfwlyhv duh sxuvxhg xvlqj wkh orq0
jlwxglqdo 4<;;0;< OPDV zklfk/ zrunlqj zlwk wkh 4<;< gdwd/ pdnhv lw srvvleoh wr
wdnh lqwr dffrxqw dq lqglylgxdo*v vrfldo dvvlvwdqfh dqg zrun vwdwxv gxulqj 4<;;1
ixqfwlrqv1 Wkh udwlr lv qhfhvvdulo| srvlwlyh dqg khqfh wkh wzr h￿hfwv pxvw kdyh wkh vdph vljq1
8Ednhu hw do +4<<8, dovr qrwh wklv srlqw1 Fkulvwr￿ghv dqg Olx +4<<<, uhylhz dqg looxvwudwh wkh
dgydqwdjhv ri uhfhqwo| sursrvhg dowhuqdwlyhv wr wkh Khfnpdq dssurdfk zklfk duh ohvv vdpsoh0
vshfl￿f dqg gr qrw uho| rq qrupdolw|1
9Wkhvh yduldeohv vkdushq wkh hpslulfdo dqdo|vlv gudpdwlfdoo| |hw vwloo cohdyh urrp*
iru rwkhu lpsruwdqw irufhv1 Lq FVV/ rqo| sdvw vrfldo dvvlvwdqfh xvh zdv wdnhq lqwr
dffrxqw dqg wkhq rqo| lq wkh krxuv htxdwlrqv iru qrq0zhoiduh sduwlflsdqwv/ zkhuh
lw zdv jhqhudoo| qrw vljql￿fdqw1 Wkxv/ wklv sdshu r￿huv d yhu| gl￿huhqw h{dplqd0
wlrq ri wkh lqwhudfwlrq ehwzhhq sduwlflsdwlrq lq wkh vrfldo dvvlvwdqfh surjudp dqg
oderxu irufh lqyroyhphqw wkdq FVV19
61 Vrfldo Dvvlvwdqfh dqg Oderxu Vxsso|
D qxpehu ri XV vwxglhv lq wklv duhd: dgrsw d vwuxfwxudo dssurdfk dqg dvvxph wkdw
lqglylgxdov pd{lpl}h d xwlolw| ixqfwlrq zklfk ghshqgv rq lqfrph dqg ohlvxuh vxe0
mhfw wr d exgjhw frqvwudlqw1 Wklv frqvwudlqw lqfrusrudwhv oderxu dqg qrq0oderxu
lqfrph dv zhoo dv srvvleoh lqfrph iurp vrfldo dvvlvwdqfh1; Xwlolw| lv pd{lpl}hg e|
fkrlfh ri krxuv ri zrun dqg/ frqvhtxhqwo|/ oderxu lqfrph dqg wkh lqglylgxdo df0
fhswv vrfldo dvvlvwdqfh li/ fhwhulv sdulexv/ wkh ydoxh ri wkh lqgluhfw xwlolw| ixqfwlrq
iru d sduwlflsdqw h{fhhgv wkdw iru d qrq0sduwlflsdqw1 Srvvleoh vwljpd h￿hfwv ri sdu0
wlflsdwlrq lq vrfldo dvvlvwdqfh duh wdnhq lqwr dffrxqw1 Pr!ww*v +4<;6, hfrqrphwulf
lpsohphqwdwlrq ri wklv dssurdfk dvvxphv d olqhdu krxuv ri zrun htxdwlrq zklfk/
wkurxjk wkh lqwhjudelolw| frqglwlrqv/ lpsolhv d sduwlfxodu xwlolw| ixqfwlrq1 Wkh
wkuxvw ri wkh dssurdfk lv wr surylgh hvwlpdwhv ri wkh xwlolw| ixqfwlrq sdudphwhuv1
Zkloh dffhswlqj wklv eurdg dssurdfk/ rxu hpslulfdo lpsohphqwdwlrq lv qrw
9Ghwdlohg gl￿huhqfhv ehwzhhq wkh wzr sdshuv duh qrwhg ehorz 0 h1j1 wkh odvw sdudjudsk lq
vhfwlrq 6 dqg qrwh 631
:Vhh Edvl +4<<3,/ Eodqn +4<;8, dqg Pr!ww +4<;6, iru h{dpsohv ri wklv dssurdfk dqg ixuwkhu
uhihuhqfhv1 Uhfhqw XN zrun rq uhodwhg lvvxhv lqfoxghv Elqjoh| hw do +4<<8, dqg Elqjoh| dqg
Zdonhu +4<<:,1
;Lw lv dvvxphg wkdw wkhuh duh qr holjlelolw| frqvwudlqwv edvhg rq rwkhu idfwruv vxfk dv zhdowk1
:irfxvhg rq wkh hvwlpdwlrq ri suhihuhqfh sdudphwhuv exw/ udwkhu/ wkh surjudp sdu0
wlflsdwlrq dqg oderxu vxsso| rxwfrphv wkhpvhoyhv1 Wklv pruh vwuxfwxudoo| djqrv0
wlf vshfl￿fdwlrq< vshfl￿hv d Surelw vrfldo dvvlvwdqfh sduwlflsdwlrq htxdwlrq1 Wkh
oderxu irufh sduwlflsdwlrq dqg krxuv ehkdylrxu ri lqglylgxdov rq dqg r￿ vrfldo




￿ ’ f￿k n ￿￿ +4,
zkhuh wkh dfwxdo sduwlflsdwlrq lqglfdwru iru wkh ￿wk lqglylgxdo lv jlyhq e|
￿￿ ’￿li ￿
W
￿ : f dqg +5,
￿￿ ’fli ￿
W
￿ ￿ f +6,
dqg wkh f￿ duh ￿￿R lqglylgxdo0vshfl￿f yhfwruv ri yduldeohv/ k lv d R￿￿ yhfwru
ri frqvwdqw frh!flhqwv dqg ￿￿ lv d vwdqgdug qrupdo yduldeoh1 Wkh krxuv0ri0zrun









zkhuh wkh vxshuvfulsw ￿ lqgh{hv wkh vrfldo dvvlvwdqfh vwdwhv f’qrq0sduwlflsdwlrq
dqg ￿’sduwlflsdwlrq/ ~￿ lv d ￿ ￿ ￿ yhfwru ri lqglylgxdo0vshfl￿f yduldeohv/ q lv
<Vrfldo dfwlylvwv dujxh wkdw sduwlflsdwlrq lq vrfldo dvvlvwdqfh lv qrw d pdwwhu ri fkrlfh exw d
phdvxuh ri odvw uhvruw dulvlqj iurp shuvrqdo flvfxpvwdqfhv vxfk dv glvdelolw| ru oderxu pdunhw
udwlrqlqj1 Wkh vwdwh ri wkh oderxu pdunhw fdqqrw uhdglo| eh lqfrusrudwhg lq wkh vwdqgdug
rswlplvlqj iudphzrun1 Lq wkh hpslulfdo zrun ehorz/ zh frqglwlrq rq uhjlrqdo gxpplhv zklfk/
dprqj rwkhu irufhv/ fdswxuh wkh yhu| glyhuvh oderxu pdunhw vwdwhv lq wkh uhjlrqv ri Fdqdgd1
;dq ￿ ￿ ￿ yhfwru ri frqvwdqw frh!flhqwv dqg wkh udqgrp yduldeohv ef dqg e￿ duh
qrupdoo| glvwulexwhg zlwk }hur phdqv/ frqvwdqw yduldqfhv jff dqg j￿￿ dqg frydul0
dqfhv 4f￿ dqg 4￿￿> wkh fryduldqfh 4f￿ lv dvvxphg htxdo wr }hur ehfdxvh wkh wzr













￿ ￿ f￿ +9,
Wkh Surelw sduwlflsdwlrq htxdwlrq dqg wkh Wrelw krxuv0ri0zrun htxdwlrqv duh
hvwlpdwhg vlpxowdqhrxvo| xvlqj ixoo lqirupdwlrq pd{lpxp olnholkrrg +ILPO, sur0
fhgxuhv/ wkrxjk zh dovr uhsruw hvwlpdwhv edvhg rq vhsdudwh Surelw dqg Wrelw
htxdwlrqv1 Wkh prgho dv vshfl￿hg lv pxfk forvhu wr wkh hfrqrphwulf yhuvlrq ri
Pr!ww +4<;6, wkdq FVV1 Dq dgydqwdjh ri wkh ILPO dssurdfk lv wkdw wkh h￿hfw
ri dq| h{sodqdwru| yduldeoh rq/ vd|/ wkh vrfldo dvvlvwdqfh ghflvlrq lv hvwlpdwhg
wdnlqj lqwr dffrxqw lwv srvvleoh h￿hfw rq wkh oderxu vxsso| ghflvlrq1 Lq dgglwlrq/
zkhq wkh htxdwlrqv ri wkh prgho duh vshfl￿hg fruuhfwo| dqg hvwlpdwhg vlpxowdqh0
rxvo|/ wkh vdpsoh0vhohfwlrq sureohp lqyroyhg lq dqdo|}lqj lqglylgxdov rq/ ru r￿/
vrfldo dvvlvwdqfh grhv qrw dulvh1 Pruhryhu/ wkh vdpsoh vhohfwlrq sureohp lqyroyhg
lq dqdo|}lqj lqglylgxdov zlwk srvlwlyh krxuv ri zrun rqo| grhv qrw dulvh hlwkhu
ehfdxvh wkh Wrelw olnholkrrg ixqfwlrq frqvlvwv ri wkh vxp ri wkh Surelw +fkrlfh ri
ehlqj lq wkh oderxu0irufh ru qrw, dqg Wuxqfdwhg Uhjuhvvlrq +dqdo|vlv ri wkh srvl0
wlyh krxuv vdpsoh, olnholkrrgv dqg khqfh wdnhv lqwr dffrxqw wklv vhfrqg vhohfwlrq
sureohp1 Vwdqgdug vhohfwlrq0fruuhfwlrq surfhgxuhv pd| surgxfh uhvxowv zklfk/ dv
<qrwhg deryh/ pd| eh vdpsoh0ghshqghqw dqg lw lv ghvludeoh/ dv rxu suhvhqw dssurdfk
grhv/ wr dyrlg wkh vhohfwlrq sureohp iurp wkh ehjlqqlqj1
71 Vdpsoh Frqvwuxfwlrq/ Yduldeohv dqg Vrxufhv
Gdwd iru wklv sdshu duh iru 4<;< dqg duh gudzq iurp wkh 4<;;0;< Orqjlwxglqdo
OPDV1 Ehjlqqlqj zlwk wkh ixoo vdpsoh/ revhuydwlrqv zlwk dq| ri wkh iroorzlqj
fkdudfwhulvwlfv zhuh rplwwhg= +l, Ixoo0wlph vwxghqwv/43 +ll, lqglylgxdov zlwk dq xq0
vwdwhg ru xqnqrzq surylqfh ri uhvlghqfh44/ dqg +lll, shuvrqv ryhu 97 |hduv ri djh
lq 4<;;1 Wzr pdlq vdpsohv duh frqvlghuhg1 Wkh ￿uvw vdpsoh/ zklfk frqvlvwv ri
47/434 revhuydwlrqv/ h{foxghv lqglylgxdov zkr kdyh d vsrxvh suhvhqw145 Wkh uhdvrq
iru irfxvlqj rq wklv sduwlfxodu vdpsoh lv wkdw wkh OPDV uhsruwv lqirupdwlrq rq lq0
glylgxdov rqo| zkloh wkh ghflvlrqv wr dsso| dqg surylgh vrfldo dvvlvwdqfh duh edvhg
rq idplo| fkdudfwhulvwlfv1 Wkxv/ dq lqglylgxdo zkr kdv dwwulexwhv wkdw pljkw qru0
pdoo| eh dvvrfldwhg zlwk vrfldo dvvlvwdqfh uhfhlsw pd|/ lq idfw/ qrw eh d surjudp
sduwlflsdqw ehfdxvh ri wkh lqfrph hduqhg e| d vsrxvh1 Wklv lvvxh lv luuhohydqw
lq vdpsohv zkhuh d vsrxvh lv qrw suhvhqw146 D srvvleoh sureohp zlwk uljrurxv
dgkhuhqfh wr wklv sulqflsoh ri vdpsoh frqvwuxfwlrq pd| eh wkh vl}h ri wkh lpsolhg
43Yduldeoh T485VW;< lghqwl￿hv lqglylgxdov zkr zhuh ixoo0wlph vwxghqwv gxulqj 4<;<1
44Wklv lqirupdwlrq lv qhhghg iru wkh fdofxodwlrq ri wkh sdudphwhuv ri wkh vrfldo dvvlvwdqfh
surjudp dqg lq rughu wr frqwuro iru uhjlrqdo oderxu pdunhw wljkwqhvv1
45Lq wkh OPDV yduldeoh KKFKDU;</ fdwhjru| 4 frqvlvwv ri lqglylgxdov zlwk qr vsrxvh dqg
qr fkloguhq/ zkloh fdwhjru| 7 frpsulvhv lqglylgxdov zlwk qr vsrxvh zkr kdyh fkloguhq suhvhqw1
Lqglylgxdov lq wkhvh wzr fdwhjrulhv pdnh xs wkh pdlq vdpsoh xvhg lq wklv sdshu1 Lqglylgxdov
zkr kdyh d vsrxvh suhvhqw duh dqdo|vhg lq wkh vhfrqg vdpsoh ehorz dqg wkh| lqfoxgh wkrvh
zlwkrxw fkloguhq +fdwhjru| 6, dqg wkrvh zlwk fkloguhq +fdwhjru| 7, suhvhqw1
46Rq wkh h{rjhqhlw| ri idplo| vwuxfwxuh vhh Grroh|/ Ohiheyuh dqg Phuuljdq +4<<:,1
43vdpsoh1 Wdeoh 4 vkrzv wkdw wkh ￿uvw vdpsoh frqvlvwv ri 9/<65 pdohv dqg :/49<
ihpdohv47 ri zkrp 944 dqg 4468/ uhvshfwlyho|/ uhfhlyhg vrfldo dvvlvwdqfh148 Wkh
qxpehu ri lqglylgxdov zkr uhfhlyhg vrfldo dvvlvwdqfh zkloh lq wkh oderxu irufh49
zdv 638 pdohv dqg 88; ihpdohv1 D vhfrqg vdpsoh/ zklfk grhv qrw h{foxgh lqgl0
ylgxdov zkr kdyh d vsrxvh suhvhqw/ lv dovr frqvlghuhg1 Lq wkh orzhu kdoi ri Wdeoh
4/ wklv vdpsoh lv vkrzq wr frqwdlq 68/64: pdohv dqg 66/8:3 ihpdohv ri zkrp 4/678
dqg 4/99; uhvshfwlyho| duh rq vrfldo dvvlvwdqfh/ zlwk ixuwkhu vxevhwv ri :48 dqg
::4 lqglylgxdov uhvshfwlyho| zkr dovr zrun1 Lq wklv odujhu vdpsoh/ wkh sursruwlrq
ri lqglylgxdov rq vrfldo dvvlvwdqfh lv vpdoohu ehfdxvh wkh suhvhqfh ri d vsrxvh ri0
whq vljqdov lpsuryhg flufxpvwdqfhv wkurxjk d vhfrqg lqfrph1 Qhyhuwkhohvv/ wkh
devroxwh qxpehu ri lqglylgxdov zkr zrun zkloh rq vrfldo dvvlvwdqfh lqfuhdvhv vxe0
vwdqwldoo| iru erwk jhqghuv1 Wdeoh 4 lqglfdwhv wkdw/ lq erwk vdpsohv/ wkh dyhudjh
qxpehu ri krxuv zrunhg shu prqwk frqglwlrqdo rq oderxu irufh sduwlflsdwlrq lv
derxw hljkw|/ zlwk pdohv zrunlqj voljkwo| pruh krxuv wkdq ihpdohv dqg lqglylgxdov
zlwk d vsrxvh suhvhqw zrunlqj ihzhu krxuv wkdq wkrvh ri wkh vdph jhqghu zkr kdg
qr vsrxvh suhvhqw1 Wdeoh 4 dovr lqglfdwhv vxevwdqwldo wlph ghshqghqfh lq vrfldo
47Jhqghu ghwhuplqdwlrq lv edvhg rq wkh OPDV yduldeoh VH[;;1 Gdwd lq Wdeoh 4 duh
xqzhljkwhg1
48Vrfldo dvvlvwdqfh uhfhlsw lv ghwhuplqhg e| zkhwkhu dq lqglylgxdo uhfhlyhg lqfrph iurp wklv
vrxufh dw dq| wlph gxulqj 4<;< +OPDV yduldeoh T46;b;<@4,1 Zduexuwrq +4<<;, qrwhv wkdw/
zkhq frpsduhg zlwk dgplqlvwudwlyh gdwd iru Eulwlvk Froxpeld wr zklfk dv d jryhuqphqw hp0
sor|hh kh kdv dffhvv/ wkh OPDV dsshduv wr xqghuuhsruw wkh lqflghqfh ri vrfldo dvvlvwdqfh1 Lw lv
frqfhlydeoh wkdw xqghuuhsruwlqj pd| eh prvw vhyhuh e| lqglylgxdov prvw vhqvlwlyh wr surjudp
sdudphwhuv/ lq zklfk fdvh rxu uhvxowv zrxog vxjjhvw pruh prghvw h￿hfwv wkdq zrxog eh wkh fdvh
lq idfw1 Krzhyhu/ wklv frqmhfwxuh fdqqrw eh h{dplqhg jlyhq dydlodeoh gdwd1
49Rqh lv ghhphg wr eh lq wkh oderxu irufh li rqh vxssolhv srvlwlyh krxuv lq 4<;< +OPDV yduldeoh
GYWRKU;<,1
44dvvlvwdqfh vwdwxv= Dssur{lpdwho| 83( ri wkh pdohv zkr zhuh rq vrfldo dvvlvwdqfh
lq 4<;< zhuh dovr lq wklv surjudp lq wkh suhylrxv |hdu> wklv shufhqwdjh lv/ dw
derxw :3(/ frqvlghudeo| kljkhu iru ihpdohv1 Lqglylgxdov zkr zhuh qrw rq vrfldo
dvvlvwdqfh gxulqj 4<;< zhuh doprvw fhuwdlqo| qrw rq vrfldo dvvlvwdqfh gxulqj 4<;;1
Wlph ghshqghqfh lv dovr qrwhzruwk| zlwk uhvshfw wr sduwlflsdwlrq lq wkh oderxu
irufh= Ehwzhhq ;6( dqg ;9( ri phq zkr zhuh rq vrfldo dvvlvwdqfh dqg zrunhg
gxulqj 4<;< dovr zrunhg lq 4<;; dqg wkhvh shufhqwdjhv duh doprvw dv kljk iru ih0
pdohv1 Lqglylgxdov zkr zhuh qrw rq vrfldo dvvlvwdqfh lq 4<;< zhuh hyhq pruh olnho|
wr kdyh ehhq lq wkh oderxu irufh gxulqj 4<;;1 Wkh ghjuhh ri ghshqghqfh lq erwk
surfhvvhv xqghuvfruhv wkh qhhg wr zrun zlwk gdwd zklfk fdq wdnh wklv lpsruwdqw
irufh lqwr dffrxqw1 Lq sulqflsoh/ ghwdlohg lqirupdwlrq rq shuvrqdo fkdudfwhulvwlfv
dqg dghtxdwh dwwhqwlrq wr khwhurjhqhlw| pljkw dffrxqw iru wkh xqghuo|lqj irufhv
wkdw ohdg wr shuvlvwhqfh1 Krzhyhu/ dydlodeoh gdwd gr qrw vxsso| wkh qhfhvvdu|
lqirupdwlrq rq shuvrqdo flufxpvwdqfhv dqg lqfoxglqj khwhurjhqhlw| lq wkh fxuuhqw
frqwh{w zrxog frqvlghudeo| frpsolfdwh wkh hvwlpdwlrq iudphzrun1 Dffruglqjo|/
wkh lqglylgxdo*v h{shulhqfh lq wkh suhylrxv |hdu lv xvhg dv d ￿{hg h￿hfw14:
D srvvleoh sureohp zlwk wkh vhfrqg vdpsoh lq Wdeoh 4 lv wkdw holjlelolw| iru
vrfldo dvvlvwdqfh ghshqgv rq idplo| flufxpvwdqfhv zkloh wkh OPDV revhuydwlrqv
shuwdlq wr lqglylgxdov dqg wkhlu rzq fkdudfwhulvwlfv1 Krzhyhu/ wkh vxuyh| grhv
lqfoxgh fhuwdlq yduldeohv zklfk ghvfuleh wkh uhodwlrq ri wkh lqglylgxdo wr wkh uhvw
ri wkh krxvhkrog dqg wkh lqyroyhphqw ri idplo| phpehuv lq wkh oderxu irufh1 Wkh
iruphu lqfoxghv zkhwkhu wkh lqglylgxdo lv wkh khdg ri krxvhkrog14; Wkh odwwhu
4:Iru d glvfxvvlrq ri wklv vshfl￿fdwlrq dqg ri khwhurjhqhlw| vhh Qdndpxud dqg Qdndpxud
+4<;8,/ sdjh 5:81
4;Lq wklv sdshu/ wkh gxpp| yduldeoh Khdg htxdov 4 zkhq wkh OPDV yduldeoh UHOKG;<@4
dqg lv }hur rwkhuzlvh1
45lqfoxghv d yduldeoh zklfk uhsruwv wkh qxpehu ri idplo| phpehuv zlwk ixoo0wlph
ixoo0|hdu mrev lq 4<;<14< Dq dgglwlrqdo frqglwlrqlqj yduldeoh lv d vsrxvh0suhvhqw
lqglfdwru153 Wkhvh yduldeohv duh xvhg lq wkh hfrqrphwulf dqdo|vlv ehorz1
Wkh ghshqghqw yduldeoh lq wkh Surelw htxdwlrq +4, deryh lv wkh gxpp| ydul0
deoh ghvfulehg hduolhu1 Wkh krxuv yduldeoh lq wkh M￿
￿c￿’f c ￿ chtxdwlrqv 8 dqg
9 frqvlvwv ri krxuv0shu0prqwk +GYWRKU;<245,1 Wkh pdwul{ f lq wkh Surelw
htxdwlrq lqfoxghv d frqvwdqw/ d zdjh udwh/54 wkh prqwko| vrfldo dvvlvwdqfh jxdu0
dqwhh ohyho/ wkh vrfldo dvvlvwdqfh fodz0edfn udwh/ zkhwkhu wkh lqglylgxdo zdv rq
vrfldo dvvlvwdqfh lq 4<;;/ klv ru khu lppljudwlrq vwdwxv/55 zkhwkhu lq 4<;< wkh
lqglylgxdo uhfhlyhg shqvlrq lqfrph +OPDV T46:E;<,/ klv ru khu uhjlrq ri uhvl0
4<Wklv lv yduldeoh IDPI\IW< lq OPDV1 Wkh vxuyh| dovr uhsruwv dqqxdo idplo| lqfrph
+IHDUQ;<,1 Krzhyhu/ wklv lv uhsruwhg lq vwhsv fhqvruhg dw 98 ru ’99/<<<1 Wklv dprxqw lv
wrr orz wr eh eholhydeoh dqg lw dsshduv wr eh lqfrqvlvwhqw zlwk wkh lqglylgxdo*v dqqxdo hduqlqjv
zklfk lq wklv vdpsoh kdv d pd{lpxp ri ’499/;;31 Dffruglqjo|/ wklv yduldeoh zdv qrw lqfoxghg
lq wkh dqdo|vlv1
53Wklv htxdov 4 zkhq KKFKDU;<@5 ru 6 dqg lv htxdo wr }hur rwkhuzlvh1
54Wklv lv wkh OPDV yduldeoh GYZDJM< zkhq lw lv srvlwlyh dqg wkh xqfrqglwlrqdo suhglfwlrqv
iurp d Khfnpdq +4<:<, vhohfwlrq0dgmxvwhg zdjh htxdwlrq zkhq GYZDJM< lv htxdo wr }hur1 D
qxpehu ri rwkhu srvvlelolwlhv +h1j1 xqfrqglwlrqdo suhglfwlrqv iru doo revhuydwlrqv dqg frqglwlrqdo
suhglfwlrqv iru wkh xqnqrzq ydoxhv, duh fohduo| srvvleoh dqg wkhvh kdyh ehhq frqvlghuhg1 Lq wkh
pdlq vdpsoh/ ;5( ri phq dqg ::( ri zrphq kdyh nqrzq zdjhv> xvlqj xqfrqglwlrqdo suhglfwlrqv
iru hyhu|rqh zrxog lqwurgxfh iruhfdvw huuruv lq wkh ydvw pdmrulw| ri fdvhv1 Wkh suhihuhqfh iru
xqfrqglwlrqdo iruhfdvwv lv glvfxvvhg lq FVV/ irrwqrwh 5;1
55Lppljudqwv duh lqglylgxdov eruq rxwvlgh Fdqdgd +OPDV FRE@5,1
46ghqfh/56 djh/57 hgxfdwlrqdo dwwdlqphqw/58 zkhwkhu wkh lqglylgxdo lv d ylvleoh pl0
qrulw| +OPDV YLVPLQ4@4,/ glvdeohg/59 pduulhg +OPDV PV;<@4, kdv rzq fklo0
guhq djhg ￿yh ru ohvv +OPDV RZQNLG4;<.RZQNLG5;<, rzq fkloguhq djhg
vl{ wr ￿iwhhq +OPDV RZQNLG6;<,/ ru rwkhu fkloguhq xqghu vl{whhq |hduv ri djh
+OPDV RWKNLG4;<,15: Zkhq lqglylgxdov zlwk d vsrxvh suhvhqw duh lqfoxghg lq
wkh vdpsoh/ wkh Surelw htxdwlrq lqfoxghv/ lq dgglwlrq/ wkh wkuhh yduldeohv qrwhg lq
wkh suhylrxv sdudjudsk1 Wkh pdwul{ ~ lq wkh Wrelw htxdwlrq h{foxghv wkh gxpp|
yduldeoh vljqli|lqj uhfhlsw ri shqvlrq lqfrph1 Wkh Wrelw htxdwlrq iru lqglylgx0
56Ilyh uhjlrqv duh glvwlqjxlvkhg1 Dwodqwlf +wkh irxu pdulwlph surylqfhv,/ Txhehf/ Rqwdulr/
Sudlulh +Pdqlwred dqg Vdvndwfkhzdq, dqg wkh Zhvw +Doehuwd dqg Eulwlvk Froxpeld, 0 wkh odwwhu
ehlqj wkh rplwwhg fdwhjru|1
57Irxu fdwhjrulhv duh glvwlqjxlvkhg1 Ohvv wkdq 58/ 58067/ 68077 dqg ryhu 77 |hduv ri djh 0 wkh
odwwhu vhuylqj dv wkh rplwwhg fdwhjru|1
58Wkh irxu ohyhov glvwlqjxlvkhg frqvlvw ri Lqfrpsohwh Kljk Vfkrro/ Frpsohwhg Kljk Vfkrro/
Wudgh Fhuwl￿fdwh dqg wkh rplwwhg fdwhjru| ri Srvw0Vhfrqgdu| Hgxfdwlrq1
59Wkh gxpp| yduldeoh Glvde1 Olplwhg ehorz vljql￿hv d zrun0olplwlqj glvdelolw| +OPDV
GLVDE;< @4 ,1 Lw vkrxog eh qrwhg wkdw glvdelolw| ghwhuplqdwlrq pd| eh lq xhqfhg e| ds0
solfdwlrqv iru glvdelolw| vwdwxv zklfk pd|/ lq wxuq/ ghshqg rq srvvleoh dgglwlrqdo shfxqldu|
ehqh￿wv1 Dssolfdwlrqv duh dssuryhg rqo| iru lqglylgxdov zlwk d ghprqvwudwhg qhhg dqg wkh idfw
wkdw/ lq wklv vwxg|/ dq lqglylgxdo lv ghhphg wr eh glvdeohg rqo| li kh2vkh lv colplwhg dw zrun*
vxjjhvwv wkdw wkh srvvlelolw| ri hqgrjhqhlw| lv plqlpl}hg1 Lw vkrxog eh qrwhg wkdw/ zkloh gurs0
slqj wkh glvdelolw| yduldeoh ohdgv wr fohduo| srruhu ￿wv/ lw grhv qrw d￿hfw wkh jhqhudo frqfoxvlrqv
uhdfkhg lq wklv vwxg|1 D zlghu vhw ri irufhv pd| eh dw zrun lqyroylqj qrw rqo| wkh sdudphwhuv
ri wkh vrfldo dvvlvwdqfh surjudp exw dovr wkrvh ri rwkhu vrfldo surjudpv/ dv zhoo dv ydulrxv wd{
udwhv1 Uhjlrqdo wd{ udwhv fdqqrw eh frqvlghuhg jlyhq wkh suhvhqfh ri uhjlrqdo h￿hfwv lq rxu
htxdwlrqv dqg ghwdlohg lqirupdwlrq ri wkh nlqg frqvwuxfwhg lq FVV lv qrw dydlodeoh iru rwkhu
wudqvihu surjudpv1
5:Wkh OPDV fkloguhq yduldeohv duh lqwhjhuv zlwk d pd{lpxp ri irxu1 Lq wkh wdeohv/ rwkhu
fkloguhq duh ghqrwhg e| cR Fk*1
47dov r￿ vrfldo dvvlvwdqfh h{foxghv/ lq dgglwlrq/ wkh surjudp ehqh￿w dqg fodz0edfn
yduldeohv15; Erwk Wrelw htxdwlrqv qrwh wkh lqglylgxdo*v oderxu irufh sduwlflsdwlrq
lq wkh suhylrxv |hdu dqg h{foxgh wkh lqglylgxdo*v vrfldo dvvlvwdqfh vwdwxv lq 4<;;1
Zkhq wkh vsrxvh0suhvhqw vdpsoh lv xvhg/ wkh Wrelw htxdwlrqv dovr lqfoxgh wkh
vsrxvh0suhvhqw lqglfdwru/ wkh khdgvkls yduldeoh dqg wkh qxpehu ri mrev khog e|
idplo| phpehuv1
Wkh frqvwuxfwlrq ri wkh sdudphwhuv ri wkh vrfldo dvvlvwdqfh surjudp xvhg lq
wklv sdshu lv d pdmru xqghuwdnlqj1 Wkh Qdwlrqdo Frxqflo ri Zhoiduh +4<<3, sur0
ylghv d frqvlvwhqw sur￿oh ri ehqh￿w udwhv/ hduqlqjv h{hpswlrqv dqg surjudp wd{
udwhv iru lqglylgxdov dqg krxvhkrogv e| w|sh dqg surylqfh/ vxemhfw wr d qxpehu
ri dvvxpswlrqv derxw wkh vl}h ri wkh pxqlflsdolw|/ wkh suhvhqfh ri wzr0wlhuhg v|v0
whpv/ wkh hpsor|delolw| ri wkh uhflslhqwv/ dqg wkh w|sh ri dffrpprgdwlrq xvhg
e| wkh uhflslhqw1 Wkh 4<;< edvlf doorzdqfh uhsruwhg lq wklv sxeolfdwlrq lqfoxghv
frqvlghudwlrq iru irrg/ forwklqj/ vkhowhu/ xwlolwlhv/ dqg shuvrqdo dqg krxvhkrog
qhhgv1 Sduwlflsdqwv pd| dovr txdoli| iru glvfuhwlrqdu| dvvlvwdqfh iru phglfdo/ ghq0
wdo dqg rwkhu vshfldo qhhgv1 Wkh Frxqflo fdxwlrqv wkdw lwv hvwlpdwhv duh pd{lpxp
jxdudqwhhv dqg wkdw frqvlghudeoh glvfuhwlrq pd| eh xvhg e| r!fldov1
5;Lq Pr!ww*v +4<;6, prgho/ wkh lqglylgxdo lv idfhg zlwk wzr srvvleoh exgjhw frqvwudlqwv/ wkrvh
rq dqg r￿ vrfldo dvvlvwdqfh1 Li/ wdnlqj srvvleoh vwljpd lqwr dffrxqw/ wkh ydoxh ri wkh lqgluhfw
xwlolw| r￿ vrfldo dvvlvwdqfh lv wkh kljkhvw/ wkh lqglylgxdo grhv qrw sduwlflsdwh dqg surjudp sd0
udphwhuv duh qrw uhohydqw wr klv ru khu oderxu0ohlvxuh fkrlfhv> dv lq vwdqgdug oderxu vxsso|
vshfl￿fdwlrqv/ wkhvh duh wkhq lq xhqfhg e| wkh pdunhw zdjh udwh1 Iru d pruh ghwdlohg mxvwl￿0
fdwlrq ri wklv h{foxvlrq vhh Pr!ww +4<;6,1 Wkh zdjh dqg surjudp fodz0edfn udwh duh hqwhuhg
vhsdudwho| udwkhu wkdq lq qhw zdjh irup iru wzr uhdvrqv= Iluvw/ dq lpsolhg frqvwudlqw rq frh!0
flhqwv lv qrw lpsrvhg dqg/ vhfrqg/ lw lv wkh suh0surjudp zdjh udwh zklfk lv uhohydqw lq wkh krxuv
htxdwlrq iru qrq0sduwlflsdqwv1
48Wkh Frxqflo surylghv wkhvh hvwlpdwhv iru lqglylgxdov/ orqh sduhqwv zlwk rqh
fklog dqg frxsohv zlwk wzr fkloguhq/ e| hpsor|delolw| vwdwxv15< Surylqfldo uhjxod0
wlrqv zhuh xvhg wr h{whqg wkh Frxqflo*v edvlf doorzdqfh gdwd wr orqh sduhqwv zlwk
wzr ru pruh fkloguhq dqg/ lq wkh vhfrqg vdpsoh/ wr frxsohv zlwk rwkhu wkdq wzr
fkloguhq1 Wkxv wkh edvlf doorzdqfh lq wklv vwxg|/ zklfk uhihuv wr ehqh￿wv dw }hur
krxuv ri zrun/ uh hfwv yduldwlrq e| surylqfh/ glvdelolw| dqg wkh qxpehu ri fklo0
guhq163 Iru lqvwdqfh/ wkh prqwko|/ qrplqdo/64 doorzdqfh lv ’567 iru hpsor|deohv
lq Qhz Euxqvzlfn dqg ’<34 iru orqh sduhqwv lq Rqwdulr1 Wkh hvwlpdwhv iru wkh
dgglwlrqdo vxssruw iru fkloguhq eh|rqg wkh ￿uvw rqh udqjh iurp ’69 shu prqwk
lq Qhz Euxqvzlfn wr ’488 shu prqwk lq Vdvndwfkhzdq1 Lq Txhehf/ wkh ￿jxuh ri
’434 shu prqwk dssolhv wr rqh dgglwlrqdo fklog rqo|1
Surylqfhv doorz lqglylgxdov rq vrfldo dvvlvwdqfh wr uhwdlq d sruwlrq ri hduqhg
lqfrph zlwkrxw uhgxflqj surjudp vxssruw1 Wkh h{hpswlrq irupxod ydulhv e|
5<Lq wklv sdshu/ glvdelolw| dqg hpsor|delolw| duh wuhdwhg dv v|qrq|prxv1Zkloh wklv lv wkh rqo|
uhdvrqdeoh dvvxpswlrq jlyhq dydlodeoh lqirupdwlrq/ lw grhv jorvv ryhu srvvleoh gl￿huhqfhv lq wkh
wuhdwphqw ri orqh sduhqwv zlwk roghu fkloguhq zkr duh wuhdwhg dv xqhpsor|deoh lq vrph exw qrw
lq doo surylqfhv1
63Wkh vrfldo dvvlvwdqfh yduldeohv xvhg lq wklv vwxg| duh vlplodu wr wkrvh lq Fkulvwr￿ghv/ Vwhqjrv
dqg Vzlglqvn| +4<<:d,/ Wdeoh 41 Rqh gl￿huhqfh lq wkh dssolfdwlrq ri wkh lqirupdwlrq lq Wdeoh
4 lv qrwhzruwk|1 Lq wkh suhvhqw sdshu/ dq lqglylgxdo lv ghhphg wr eh glvdeohg li kh ru vkh lv
uhsruwhg wr kdyh d glvdelolw| ri dq| nlqg/ zkloh lq wkh hduolhu sdshu wkdw zdv rqo| wuxh ri glvdeohg
lqglylgxdov zkr duh uhsruwhg wr eh olplwhg dw zrun1 Wklv gh￿qlwlrqdo gl￿huhqfh lv zruwk h{sorulqj
jlyhq wkh frqvlghudeoh xqfhuwdlqw| frqfhuqlqj krz glvdelolw| vwdwxv lv ghwhuplqhg e| surjudp
dgplqlvwudwruv1
64Lq Fkulvwr￿ghv/ Vwhqjrv dqg Vzlglqvn| +4<<:d, zh h{shulphqwhg zlwk d uhdo yduldeoh 0
gh dwhg e| d surylqfldo krxvlqj frvw lqgh{1 Wkh uhvxowv zhuh yhu| vlplodu wr wkrvh rewdlqhg
xvlqj wkh qrplqdo yduldeoh1
49surylqfh1 Qhz Euxqvzlfn h{hpswv wkh ￿uvw ’533 ri lqfrph hduqhg e| d orqh
sduhqw exw uhgxfhv lwv vxssruw groodu0iru0groodu zkhq lqfrph h{fhhgv wklv dprxqw1
Doehuwd h{hpswv 433( ri hduqlqjv xs wr ’448> 83( ri hduqlqjv ehwzhhq ’449 dqg
’533> 58( ri hduqlqjv ehwzhhq ’534 dqg ’633> dqg 43( ri hduqlqjv ryhu ’6331
Wkh 4<;< plqlpxp dqg pd{lpxp pdujlqdo wd{ udwhv fdq eh rewdlqhg iurp wkh
Qdwlrqdo Frxqflo rq Zhoiduh +4<<3, dqg duh dovr uhsruwhg lq Fkulvwr￿ghv/ Vwhqjrv
dqg Vzlglqvn| +4<<:d,/ Wdeoh 4/ froxpqv 5/ 7/ 9 dqg :1 Wklv wdeoh dovr uhsruwv
wkh lqfrph ohyho lq 4<;< grooduv dw zklfk wkh pd{lpxp udwhv dsso|1 Iru h{dpsoh/
Eulwlvk Froxpeld h{hpswv wkh ￿uvw ’83 hduqhg e| dq hpsor|deoh lqglylgxdo dqg
ohylhv d :8( wd{ rq lqfrph deryh wklv ohyho/ zkloh Sulqfh Hgzdug Lvodqg ohylhv d
frqvwdqw wd{ udwh ri ;3( rq doo hduqlqjv1 Vrph surylqfhv fdofxodwh h{hpswlrqv
edvhg rq jurvv hduqlqjv/ udwkhu wkdq hduqlqjv qhw ri zrun0uhodwhg frvwv1 Wkh udwh
vwuxfwxuh lv xvhg wr fdofxodwh wkh dprxqw h{hpswhg jlyhq wkh lqglylgxdo*v lqfrph1
Zkdw/ lq vkruw irup/ lv gh￿qhg lq wklv vwxg| dv wkh cfodz0edfn* udwh/ l1h1 wkh
sursruwlrq ri hduqhg lqfrph h￿hfwlyho| orvw ehfdxvh ri ghfuhdvhg zhoiduh ehqh￿wv
+40h{hpswlrq2hduqlqjv,/65 lv dq dpdojdp ri wzr surjudp sdudphwhuv +wkh hduqlqjv
h{hpswlrq dqg wkh wd{ udwh, dqg lqyroyhv d qxpehu ri dvvxpswlrqv derxw oderxu
pdunhw h{shulhqfh +zdjhv dqg krxuv,1 Lq FVV/ wkh dyhudjh udwh frqvwuxfwhg lq wklv
idvklrq zdv suhihudeoh wr wkh pdujlqdo udwhv wkhpvhoyhv ehfdxvh/ lq vrph fhoov/ wkh
odwwhu duh htxlydohqw wr surylqfldo gxpplhv1 Wkxv/ wkh fodz0edfn udwh zklfk/ jlyhq
uhjlrqdo h￿hfwv/ lv lghqwl￿hg wkurxjk wkh yduldwlrq lq zdjhv dqg wkh qrq0olqhdu
wudqvirupdwlrq ri pdujlqdo udwhv/ vkrxog qrw eh lqwhusuhwhg qduurzo| dv d wd{ udwh1
Ehfdxvh d qxpehu ri lqglylgxdov gr qrw zrun/ wkhlu qrwlrqdo lqfrph lv lpsxwhg
65Wklv lv frqvwudlqhg wr eh juhdwhu wkdq ru htxdo wr wkh orzhvw pdujlqdo udwh dqg lw lqfuhdvhv
vprrwko| zlwk hduqlqjv deryh wkh h{hpswlrq1
4:xvlqj wkh lqglylgxdo0vshfl￿f iruhfdvw zdjh dqg iruw| krxuv shu prqwk/ ru wkh
dssur{lpdwh/ xqfrqglwlrqdo/ phdq qxpehu ri krxuv shu prqwk1 Wkxv wkh vrfldo
dvvlvwdqfh fodz0edfn udwh xvhg khuh ydulhv e| surylqfh/ hpsor|delolw|/ krxvhkrog
w|sh dqg wkh lqglylgxdo0vshfl￿f zdjh udwh1 Lq oljkw ri wkh lqwhuhvw wkdw fhqwhuv
rq wklv yduldeoh/ uhvxowv edvhg rq yduldqwv ri wklv uhjuhvvru duh dovr uhsruwhg1
Rqh dowhuqdwlyh ￿{hv wkh krxuv zrunhg wr hljkw| shu prqwk +wkh dssur{lpdwh
frqglwlrqdo phdq lq Wdeoh 4,/ zkloh dqrwkhu yduldqw ￿{hv wkh zdjh udwh dw wkh
vdpsoh phdq iru wkrvh zkr zrun 0 ’44153 shu krxu1 Wklv odwwhu yduldqw uhgxfhv
wkh fodz0edfn yduldeoh wr d ixqfwlrq ri surjudp sdudphwhuv rqo|/ qdpho| wkh
surjudp wd{ udwh dqg wkh doorzdeoh lqfrph h{hpswlrq166
81 Hvwlpdwlrq Uhvxowv
8141 Pdlq Uhvxowv
Wdeohv 5/ 6 dqg 7 uhsruw vhsdudwh htxdwlrqv iru pdohv dqg ihpdohv1 Hdfk wdeoh
frqwdlqv uhvxowv iurp erwk lqglylgxdoo| dqg v|vwhp0hvwlpdwhg Surelw dqg Wrelw
htxdwlrqv1 Wkh iruphu duh suhvhqwhg ehfdxvh wkh| olqn wkh suhvhqw vwxg| wr hduolhu
zrun rq wkh frpsrqhqw ghflvlrqv1 Wkh v|vwhp uhvxowv duh uhihuuhg wr dv cH2V
Surelw* dqg cH2V Wrelw* diwhu hqgrjhqrxv vhohfwlrq1 Lq dgglwlrq wr frh!flhqwv dqg
vwdqgdug huuruv/ zklfk duh suhvhqwhg iru erwk vhwv ri uhvxowv/ froxpqv 8 dqg 43/
lq Wdeohv 5/ 6 dqg 7 uhsruw wkh uhvxowv ri ghwdlohg vfhqdulrv zklfk zhuh frqvlghuhg
xvlqj wkh v|vwhp hvwlpdwhv1 Lq Wdeoh 5/ froxpqv 8 dqg 43 uhodwh wr wkh suredelolw|
ri vrfldo dvvlvwdqfh uhfhlsw1 Lq Wdeohv 6 dqg 7/ froxpqv 8 dqg 43 frqvlvw ri wzr
66Wkxv wkh fodz0edfn udwh lv h{rjhqrxv li wkhvh surjudp sdudphwhuv fdq eh wuhdwhg dv vxfk1
Zduexuwrq +4<<;, kdv vxjjhvwhg wkdw wklv pd| qrw eh vr lq Eulwlvk Froxpeld1
4;sduwv= Wkh ￿uvw sduw uhodwhv wr wkh suredelolw| ri sduwlflsdwlrq lq wkh oderxu irufh
zkloh wkh sduw diwhu wkh vhpl0frorq uhsruwv h￿hfwv rq h{shfwhg krxuv1 Zkloh prvw
dwwhqwlrq lv jlyhq wr wkh v|vwhp hvwlpdwhv/ qrwdeoh gl￿huhqfhv ehwzhhq wkh wzr
vhwv ri uhvxowv zloo eh glvfxvvhg dqg frqqhfwlrqv wr wkh h{lvwlqj olwhudwxuh qrwhg1
Wdeoh 5 ghdov zlwk sduwlflsdwlrq lq wkh vrfldo dvvlvwdqfh surjudp1 Wkh zdjh
udwh kdv d vljql￿fdqw qhjdwlyh h￿hfw rq wkh suredelolw| ri sduwlflsdwlrq67 lq vrfldo
dvvlvwdqfh iru phq dqg wkh vwdqg0dorqh Surelw htxdwlrq iru zrphq1 Wklv h￿hfw zdv
dovr qrwhg lq Fkduhwwh dqg Phqj +4<<7, dqg Fkulvwr￿ghv/ Vwhqjrv dqg Vzlglqvn|
+4<<:d dqg 4<<:e,1 Lq d vlplodu yhlq/ Eduuhww +4<<9, uhsruwv wkdw d kljkhu plq0
lpxp zdjh udwh hqfrxudjhv h{lw iurp wkh vrfldo dvvlvwdqfh vwdwh1 Wkh surjudp
yduldeohv lq wkh htxdwlrqv iru pdohv duh qrw vljql￿fdqw iru wzr0wdlohg whvwv dw wkh
8( ohyho1 Wkh| duh ri juhdwhu lqwhuhvw lq wkh htxdwlrqv iru ihpdohv1 Lq wkh Elqrpldo
Surelw htxdwlrq/ wkhuh lv hylghqfh wkdw kljkhu ehqh￿wv lqfuhdvh wkh suredelolw| ri
sduwlflsdwlrq lq vrfldo dvvlvwdqfh1 Krzhyhu/ wkh frh!flhqw rq wklv yduldeoh/ do0
wkrxjk srvlwlyh/ lv qrw vljql￿fdqw lq wkh frqwh{w ri hqgrjhqrxv vhohfwlrq1 Wkh
fodz0edfn yduldeoh kdv wkh h￿hfw wkdw zrxog eh h{shfwhg lq wkh frqwh{w ri wkh
vwdwlf oderxu vxsso| prgho= Dq lqfuhdvh lq wkh fodz0edfn udwh uhgxfhv surjudp
sduwlflsdwlrq dqg wklv h￿hfw lv urexvw dfurvv Wdeoh 5/ froxpqv 9 wr <1 Wkhvh uhvxowv
duh jhqhudoo| pruh frqvlvwhqw zlwk wkrvh rewdlqhg iru ihpdoh khdgv e| Fkduhwwh
67Lq wkh Surelw prgho/ wkh h{shfwhg ydoxh ri wkh lqgh{ Sm lv jlyhq e| I+[￿, dqg wkh h￿hfw ri
d frqwlqxrxv yduldeoh n rq wkh h{shfwhg ydoxh lv jlyhq e| i+[￿,￿n/ zkhuh [ lv wkh phdq yhfwru/
I lv wkh fxpxodwlyh dqg i wkh suredelolw| vwdqgdug qrupdo ghqvlw| ixqfwlrq1 Vlqfh I dqg i
duh srvlwlyh/ wkh txdolwdwlyh h￿hfw ri d yduldeoh rq wkh h{shfwhg ydoxh lv jlyhq e| wkh frh!flhqw
vljq1 Dv prvw ri wkh yduldeohv lq wkh prgho duh qrw frqwlqxrxv/ wkhlu txdqwlwdwlyh h￿hfw rq wkh
suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw lv hydoxdwhg e| fdofxodwlqj wkh h{shfwhg ydoxh I+[￿,
xqghu gl￿huhqw vfhqdulrv1
4<dqg Phqj +4<<7, wkdq wkrvh lq FVV1 Wkhlu txdqwlwdwlyh vljql￿fdqfh lv/ ri frxuvh/
d pdwwhu ri frqvlghudeoh srolf| lqwhuhvw dqg zh qrz wxuq wr wklv lvvxh1
Wkh yduldeohv mxvw frqvlghuhg duh wkh rqo| frqwlqxrxv yduldeohv lq Wdeoh 51 Urz
4 ri froxpqv 8 dqg 43 lq Wdeoh 5/ lqglfdwhv wkh suhglfwhg suredelolw| ri vrfldo
dvvlvwdqfh uhfhlsw iru wkh cedvh* jurxs68 wkdw lv vxjjhvwhg zkhq doo uhpdlqlqj
yduldeohv dvvxph wkh ydoxh ri }hur 0 dqg wkh frqwlqxrxv yduldeohv duh dw wkhlu
phdqv1 Wkxv/ wkh suhglfwhg suredelolw| iru d Fdqdgldq0eruq pdoh zkr kdv qr
shqvlrq lqfrph/ uhvlghv lq Eulwlvk Froxpeld/ lv ryhu iruw|0irxu |hduv ri djh dqg
vr rq lv ;17( dqg wklv kdsshqv wr eh yhu| vlplodu wr wkh iudfwlrq ri srvlwlyh
revhuydwlrqv iru wkh vdpsoh dv d zkroh> wklv lv ;1;( dqg lw dsshduv dw wkh erwwrp
ri wkh froxpq1 Lq wkh fdvh ri ihpdohv/ wkh suhglfwhg suredelolw| iru wkh edvh
jurxs lv/ dw 616(/ frqvlghudeo| orzhu wkdq wkdw +481;(, iru wkh vdpsoh dv d zkroh1
Urzv 5 wr 7/ lq froxpqv 8 dqg 43 ri Wdeoh 5/ zklfk uhodwh wr wkh wkuhh frqwlqxrxv
yduldeohv/ vkrz wkh h￿hfw rq wkh edvh suredelolw| ri doorzlqj hdfk ri wkhvh yduldeohv
lq wxuq wr lqfuhdvh wr lwv pd{lpxp orjdulwkplf ydoxh1 Wklv fkdqjh lv pxfk odujhu
wkdq wkh 5419( ghfuhdvh lq ehqh￿wv lpsohphqwhg lq Rqwdulr lq Rfwrehu 4<<8 dqg
khqfh wkh frqwlqxrxv yduldeohv/ lqfoxglqj wkh surjudp yduldeohv/ duh lqghhg jlyhq
d fkdqfh wr d￿hfw uhohydqw rxwfrphv1 Lq wkh fdvh ri ehqh￿wv/ iru h{dpsoh/ wkh
lqfuhdvh iurp wkh phdq wr wkh pd{lpxp ydoxh zrxog fruuhvsrqg wr wkh lqfuhdvh
wkdw zrxog eh lqyroyhg li d vlqjoh/ hpsor|deoh/ lqglylgxdo lq Rqwdulr zhuh judqwhg
wkh ehqh￿wv dssursuldwh iru dq xqhpsor|deoh dgxow zlwk ￿yh fkloguhq1 Vxfk dq
lqfuhdvh lq wkh zdjh udwh zrxog uhgxfh wkh suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw
68Lw vkrxog eh qrwhg wkdw wklv edvh jurxs lv frqvwuxfwhg vr wkdw wkh wdeohv fdq eh hdvlo|
lqwhsuhwhg1 Lw lv qrw lqwhqghg wr eh cuhsuhvhqwdwlyh* dqg suhglfwhg suredelolwlhv iru edvh jurxsv
qhhg qrw eh forvh wr wkh ryhudoo vdpsoh rqhv1
53wr hvvhqwldoo| }hur iru erwk jhqghuv +e| 0;17( iurp ;17( iru pdohv dqg e| 0519(
iurp 6( iru ihpdohv,1 Wkxv wkh zdjh udwh lv vhhq wr kdyh d vwurqj txdqwlwdwlyh
h￿hfw1 Wkh surjudp ehqh￿w dqg fodz0edfn udwh zklfk/ lq wkh fdvh ri ihpdohv/ duh
jhqhudoo| vwdwlvwlfdoo| vljql￿fdqw zlwk h{shfwhg vljqv duh vhhq wr kdyh qhjoljleoh
h￿hfwv1 Wkh odujhvw h￿hfw lv wkdw iru wkh ehqh￿wv yduldeoh= Dq lqfuhdvh wr lwv
pd{lpxp ydoxh zrxog udlvh wkh suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw e| 416(
srlqwv1 Krzhyhu/ wklv dovr wkh rqo| surjudp yduldeoh zklfk lv qrw vljql￿fdqw lq
wkh htxdwlrqv iru ihpdohv169
Wdeoh 5 vxjjhvwv wkdw rqo| pdoh lppljudqwv duh ohvv olnho| wr eh rq vrfldo
dvvlvwdqfh> wklv yduldeoh lv dvvrfldwhg zlwk d 7( srlqw ghfolqh lq wkh suredelolw|
ri vrfldo dvvlvwdqfh uhfhlsw wr 717( 0 uhodwlyh wr wkh ;17( iru wkh edvh jurxs1
Fkduhwwh dqg Phqj +4<<7, uhsruw srvlwlyh exw lqvljql￿fdqw frh!flhqwv iru ihpdoh
69Lq Rqwdulr/ wkh vrfldo dvvlvwdqfh fdvhordg ghfolqhg iurp mxvw ryhu d ploolrq ehqh￿fldulhv
lq Mxqh 4<<8 wr 977/633 ehqh￿fldulhv e| Iheuxdu| 4<<<1 Wklv ghfolqh ri vrph 73( kdv riwhq
ehhq dvvrfldwhg lq wk hsrsxodu suhvv zlwk wkh uhirup ri wkh vrfldo dvvlvwdqfh v|vwhp fduulhg rxw
e| wkh Kduulv jryhuqphqw diwhu lw dvvxphg srzhu lq Mxqh 4<<81 Rqh kdv wr eh yhu| fdxwlrxv
derxw mxpslqj iurp wkh furvv0vhfwlrqdo uhvxowv deryh wr wkh h￿hfwv ryhu wlph ri wkh fkdqjhg
ehqh￿w/ dgplqlvwudwlyh dqg ohjdo odqgvfdsh wkdw zdv eurxjkw derxw e| wkh Kduulv jryhuqphqw1
Fhuwdlqo| iru phq/ lw lv gl!fxow wr ghwhfw dq| surjudp h￿hfwv lq wkh uhvxowv deryh dqg vr
wkh dujxphqw pxvw eh wkdw wkh ghfolqh lq wkh fdvhordg iru phq +wkh Rqwdulr jryhuqphqw gdwd
dw zzz1jry1rq1fd2FVV2sdjh2 duh qrw eurnhq grzq e| jhqghu, lv gxh wr wkh fkdqjhv lq wkh
dgplqlvwudwlyh dqg ohjdo frqwh{w dqg wkh lpsurylqj oderxu pdunohw frqglwlrqv 0 rq wkh odvw
srvvlelolw|/ vhh wkh uhjlrqdo h￿hfwv ehorz dqg qrwh/ dovr/ wkdw wkh ghfolqh lq wkh fdvhordg ehjxq
sulru wr wkh Kduulv uhirupv dv wkh hfrqrp| ehjxq wr uhfryhu1 Wkh h￿hfwv iru zrphq duh ehwwhu0
hvwdeolvkhg exw qhyhuwkhohvv zhdn vr wkh dujxphqw lv hvvhqwldoo| wkh vdph dv wkdw iru phq1 Ehorz/
zh qrwh wkh yhu| vxevwdqwldo wlph ghshqghqfh lq vrfldo dvvlvwdqfh sduwlflsdwlrq zklfk vxjjhvw
wkdw orqj0uxq h￿hfwv zloo eh vxevwdqwldoo| odujhu wkdq wkh lpsdfw h￿hfwv lq Wdeoh 51
54khdgv1 Devwudfwlqj iurp wkhlu frkruw dqg dvvlplodwlrq h￿hfwv qrwhg hduolhu/ Ednhu
dqg Ehqmdplq +4<<8, qrwh wkdw lppljudqw idplolhv duh ohvv olnho| wr eh rq vrfldo
dvvlvwdqfh1 Wkh gl￿huhqwldo h￿hfw iru phq dqg zrphq pd| dulvh ehfdxvh lppljudqw
vfuhhqlqj iru phq pd| eh pruh irfxvvhg rq oderxu pdunhw vnloov dqg uhvxow lq
ehwwhu mre pdwfkhv wkdq lv wkh fdvh iru zrphq1 Wkh ylvleoh plqrulw| lqglfdwru lv
qrw d xvhixo suhglfwru ri wkh suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw1
Shqvlrq lqfrph lv dvvrfldwhg zlwk d orzhu suredelolw| ri vrfldo dvvlvwdqfh uh0
fhlsw uhjdugohvv ri hvwlpdwlrq phwkrg dqg jhqghu1 Wkh dvvrfldwhg txdqwlwdwlyh
h￿hfwv/ lq froxpqv 8 dqg 43 ri Wdeoh 5/ duh 0718( iru pdohv dqg 05( iru ihpdohv1
Wkh uhjlrqdo gxpplhv duh lqwhqghg wr fdswxuh gl￿huhqfhv lq vrfldo dvvlvwdqfh
surjudpv6: dqg srvvleoh gl￿huhqfhv lq oderxu pdunhw wljkwqhvv dfurvv wkh uhjlrqv
ri Fdqdgd1 Rq wkh zkroh/ wkh Dwodqwlf surylqfhv dqg Txhehf ehkdyh pxfk olnh
wkh rplwwhg fdwhjru| +Zhvw,/ zkloh vrfldo dvvlvwdqfh uhfhlsw lq Rqwdulr dqg wkh
Sudlulh surylqfhv lv ohvv olnho|1 Lq wkh fdvh ri ihpdohv/ wkhvh uhjlrqdo h￿hfwv duh
dw prvw 05( iru wkh Sudlulhv1 Lq wkh fdvh ri pdohv/ wkh jds ehwzhhq wkh surylqfh
zlwk wkh orzhvw olnholkrrg ri vrfldo dvvlvwdqfh uholdqfh +Rqwdulr, dqg wkdw zlwk wkh
kljkhvw +Txhehf, lv ;15( +71:( plqxv 0618( lq froxpq 8/ Wdeoh 5,1 Wklv jds/ zkloh
frqvlvwhqw zlwk gl￿huhqfhv lq oderxu pdunhw wljkwqhvv/ pd| uh hfw pruh wkdq wkdw
+h1j1 dgplqlvwudwlyh sudfwlfhv, jlyhq wkh hvwlpdwhg h￿hfw iru wkh Dwodqwlf surylqfhv
zkhuh xqhpsor|phqw lv hyhq kljkhu1
Frh!flhqwv rq djh yduldeohv duh vljql￿fdqw iru pdohv rqo| dqg wkhq rqo| iru wkh
￿uvw wzr fdwhjrulhv1 Wkh| vxjjhvw wkdw |rxqjhu phq duh ohvv olnho| wr eh rq vrfldo
dvvlvwdqfh wkdq lv wkh fdvh iru wkrvh ryhu 77 |hduv ri djh e| dssur{lpdwho| 8(
6:Wkhvh pljkw lqfoxgh surjudp ihdwxuhv qrw fdswxuhg e| wkh wzr vrfldo dvvlvwdqfh yduldeohv
dv zhoo dv gl￿huhqfhv lq wkh dgplqlvwudwlrq ri wkhvh surjudpv1
55srlqwv1 Uhodwlyh wr lqglylgxdov zlwk srvw0vhfrqgdu| hgxfdwlrq/ ohvv zhoo0hgxfdwhg
phq dqg zrphq duh pruh olnho| wr uhfhlyh vrfldo dvvlvwdqfh1 Wklv h￿hfw lv hvshfldoo|
vwurqj iru wkh ehvw0hgxfdwhg ihpdoh jurxs zkhuh wkh txdqwlwdwlyh lpsdfw lv dv kljk
dv ;( srlqwv1
Zrun0olplwlqj glvdelolw| lv dvvrfldwhg zlwk d vwdwlvwlfdoo| vljql￿fdqw dqg yhu|
vxevwdqwldo lqfuhdvh lq wkh suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw1 Wklv krogv iru
erwk pdohv +4518(, dqg ihpdohv +;(,1
Pduulhg lqglylgxdov kdyh d orzhu suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw zklfk
udqjhv iurp 051:( srlqwv iru pdohv wr 04( srlqwv iru ihpdohv1 Wklv pd| eh gxh wr
lqfrph vxssruw iurp d vsrxvh/ wkrxjk lw lv qrwhzruwk| wkdw prvw frh!flhqwv duh
qrw vljql￿fdqw dw wkh 8( ohyho1 Wkh suhvhqfh ri rzq fkloguhq/ sduwlfxoduo| |rxqj
rqhv/ lqfuhdvhv wkh suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw1 Lw lv qrwhzruwk| wkdw
zkloh wkhvh yduldeohv duh vwdwlvwlfdoo| ehwwhu hvwdeolvkhg iru ihpdohv/ wkh txdqwl0
wdwlyh h￿hfwv duh vwurqjhu iru pdohv1 Wkxv/ wkh suredelolw| ri vrfldo dvvlvwdqfh
uhfhlsw iru d pdoh lq wkh edvh jurxs zkr/ lq dgglwlrq/ kdv d fklog xqghu ￿yh |hduv
ri djh lqfuhdvhv e| <18( srlqwv zkloh wkdw iru d ihpdoh lqfuhdvhv e| 9( srlqwv1
Lw lv zruwk hpskdvl}lqj wkdw wkh uhvxowv deryh zhuh rewdlqhg lq wkh frqwh{w ri d
vshfl￿fdwlrq zklfk wdnhv lqwr dffrxqw wkh lqglylgxdo*v vrfldo dvvlvwdqfh h{shulhqfh
gxulqj 4<;;1 Wkh h{whqw ri shuvlvwhqfh zdv ￿uvw hqfrxqwhuhg lq Wdeoh 4 dqg lw lv
yhu| fohdu lq doo wkh htxdwlrqv ri Wdeoh 51 Wkh txdqwlwdwlyh h￿hfwv duh yhu| odujh
iru erwk jhqghuv= Wkh suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw e| d pdoh lq wkh
edvh jurxs mxpsv iurp ;17( wr 8717( li wklv lqglylgxdo dovr uhfhlyhg dvvlvwdqfh
lq wkh suhylrxv |hdu1 Wkh vwuhqjwk ri wklv yduldeoh vxjjhvwv wkdw d qxpehu ri
shuvrqdo fkdudfwhulvwlfv zklfk duh qrw uhsruwhg lq wkh OPDV dqg rwkhu vlplodu
gdwd vhwv duh fulwlfdoo| lpsruwdqw dqg pxvw/ dw wkh yhu| ohdvw/ eh sur{lhg dv lq
56Wdeoh 51 Lw lv dovr zruwk qrwlqj wkdw/ li eh|rqg lqglylgxdo h￿hfwv/ wkhuh lv dovr
jhqxlqh wlph0ghshqghqfh/ wkh h￿hfwv ri vkrfnv dqg fkdqjhv lq yduldeohv zloo eh
ihow ryhu wlph1
Wdeoh 6 uhsruwv Wrelw krxuv0ri0zrun htxdwlrqv iru pdohv hvwlpdwhg erwk lq
vwdqg0dorqh irup +Wdeoh 6/ froxpqv 4/5/9 dqg :, dqg dv d v|vwhp zlwk wkh Surelw
htxdwlrqv uhsruwhg lq Wdeoh 5 +Wdeoh 6/ froxpqv 6/7/; dqg <,1 Vhsdudwh htxdwlrqv
iru lqglylgxdov rq dqg r￿ vrfldo dvvlvwdqfh duh uhsruwhg1 Froxpqv 8 dqg 43/
Wdeoh 6/ uhsruw wkh suhglfwhg suredelolw| ri oderxu irufh sduwlflsdwlrq +65( dqg
67( iru phq rq dqg r￿ vrfldo dvvlvwdqfh uhvshfwlyho|, dqg h{shfwhg krxuv shu
prqwk +4519 dqg 4;1: iru phq rq dqg r￿ vrfldo dvvlvwdqfh uhvshfwlyho|, iru edvh
jurxsv zklfk/ dv qrwhg hduolhu/ duh frqvwuxfwhg iru wkh uhdghu*v frqyhqlhqfh dqg
zloo qrw eh uhsuhvhqwdwlyh1 Plfurhfrqrplf wkhru| vxjjhvwv wkdw wkh zdjh udwh
h￿hfwv rq h￿ruw duh dpeljxrxv1 Lq Wdeoh 6/ wkh hvwlpdwhg frh!flhqwv vxjjhvw dq
xszdug vorslqj ixqfwlrq iru pdohv r￿ vrfldo dvvlvwdqfh dqg d edfnzdug ehqglqj
vxsso| ixqfwlrq iru pdohv rq vrfldo dvvlvwdqfh1 Wkrxjk vwdwlvwlfdoo| vljql￿fdqw/
wkh iruphu lv txdqwlwdwlyho| zhdn jlyhq wkdw/ dv wkh zdjh udwh lqfuhdvhv iurp lwv
phdq wr lwv pd{lpxp ydoxh/ wkh suredelolw| ri oderxu irufh sduwlflsdwlrq lqfuhdvhv
e| 5( srlqwv zkloh h{shfwhg krxuv lqfuhdvh e| 516 shu prqwk16; Wkh h￿hfwv zkloh
6;Lq wkh fdvh ri Wrelw/ wkh ghulydwlyh ri wkh xqfrqglwlrqdo phdq ri Kl
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prvw yduldeohv duh fdwhjrulfdo/ wkh lpsolhg txdqwlwdwlyh h￿hfwv duh dvvhvvhg e| fdofxodwlqj/ xqghu
gl￿huhqw dvvxphg frqglwlrqv/ wkh suredelolw| I+￿, ri d qrq0olplw revhuydwlrq/ l1h1 wkh suredelolw|
ri oderxu irufh sduwlflsdwlrq/ dv zhoo dv wkh xqfrqglwlrqdo h{shfwdwlrq ri krxuv shu prqwk zklfk
lv jlyhq e| H+Kl,@] l ￿
lI + ] l￿
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l@￿l,=Wkhvh h￿hfwv duh uhsruwhg lq froxpqv 8
dqg 43/ Wdeohv 6 dqg 71 H￿hfwv rq h{shfwhg krxuv frqglwlrqdo rq qr fhqvrulqj fdq eh uhdg iurp
wkh hvwlpdwhg frh!flhqwv lq Wdeohv 6 dqg 71 Qrwh wkdw/ khuh/ frqglwlrqlqj uhihuv wr fhqvrulqj
57rq vrfldo dvvlvwdqfh duh pxfk vwurqjhu= Wklv lqfuhdvh lq wkh zdjh udwh zrxog
uhgxfh wkh suredelolw| ri oderxu irufh sduwlflsdwlrq wr 4( +65( edvh soxv dq
h￿hfw ri 064(, dqg h{shfwhg krxuv wr 4 shu prqwk +4519 edvh soxv 04419,1 Vlqfh d
kljkhu zdjh udwh phdqv wkdw ohvv krxuv duh uhtxluhg wr uhdfk wkh surjudp hduqlqjv
h{hpswlrq dqg fodz0edfn udwhv eh|rqg wkh h{hpswlrq duh riwhq 433(/ d kljkhu
zdjh udwh lv olnho| wr uhgxfh h￿ruw1 Wklv uhvxow lv qrw vxusulvlqj dqg zdv dovr
irxqg e| FVV iru vlqjoh lqglylgxdov 0 wkh zdjh udwh h￿hfwv rq krxuv vxssolhg e|
wkh orqh sduhqwv lq wkh FVV vdpsoh zhuh duh qrw vljql￿fdqw1
Dq h{dplqdwlrq ri wkh vrfldo dvvlvwdqfh surjudp yduldeohv vxjjhvwv wkdw kljkhu
surjudp ehqh￿wv uhgxfh h￿ruw1 Wkhvh h￿hfwv dsshdu txlwh vl}hdeoh= Zkhq wkh
ehqh￿w ohyho lqfuhdvhv iurp lwv phdq wr lwv pd{lpxp ydoxh/6< wkh suredelolw| ri
oderxu irufh sduwlflsdwlrq ghfolqhv e| 47( srlqwv dqg h{shfwhg krxuv e| 917 shu
prqwk1 Wkh vrfldo dvvlvwdqfh fodz0edfn yduldeoh grhv qrw kdyh d zhoo0hvwdeolvkhg
frh!flhqw lq Wdeoh 61
Lppljudqw phq zkr duh r￿ vrfldo dvvlvwdqfh zrun vljql￿fdqwo| ohvv krxuv shu
prqwk/ dq h￿hfw zklfk lv qrw suhvhqw iru lppljudqw phq rq vrfldo dvvlvwdqfh1
Ylvleoh plqrulw| phq zkr duh r￿ vrfldo dvvlvwdqfh zrun vljql￿fdqwo| orqjhu krxuv
wkdq wkh frqwuro jurxs1 Wkhvh h￿hfwv dqg wkrvh rq wkh lpsolhg suredelolw| ri
oderxu irufh sduwlflsdwlrq duh txlwh vxevwdqwldo 0 Wdeoh 6/ froxpqv 8 dqg 431
Wkhuh duh qr vljql￿fdqw gl￿huhqfhv lq oderxu irufh lqyroyhphqw ehwzhhq Rq0
wdulr dqg wkh Zhvw exw wklv lv jhqhudoo| vr iru rwkhu sduwv ri wkh frxqwu|1 Iru lq0
vwdqfh/ pdohv rq vrfldo dvvlvwdqfh lq Dwodqwlf Fdqdgd kdyh d suredelolw| ri oderxu
dqg qrw h{sodqdwru| yduldeohv 0 wkh odwwhu lv qrw vkrzq1
6<Lw vkrxog eh qrwhg wkdw wklv lqfuhdvh lv ghwhuplqhg e| surylqfldo uhjxodwlrqv dqg lv prghvw
0 vhh Wdeoh 4 lq FVV1
58irufh sduwlflsdwlrq zklfk lv 59( srlqwv orzhu wkdq lq wkh Zhvw1 Lq dgglwlrq/ wkhlu
h{shfwhg krxuv ri zrun shu prqwk duh 4414 orzhu wkdq lq wkh Zhvw1 H￿hfwv ri vlp0
lodu rughuv ri pdjqlwxgh krog iru Txhehf dqg wkhvh duh suhvhqw/ doehlw lq pxwhg
irup/ iru phq r￿ vrfldo dvvlvwdqfh1 Li wkhvh duh pdqlihvwdwlrqv ri oderxu pdunhw
wljkwqhvv/ wkh| zrxog mxvwli| qrw lpsrvlqj wkh vwdqgdug oderxu0ohlvxuh vwuxfwxuh
rq wkh gdwd1
Rq wkh zkroh/ roghu dqg ohvv hgxfdwhg phq kdyh d pruh pdujlqdo dwwdfkphqw
wr wkh oderxu irufh/ erwk lq whupv ri sduwlflsdwlrq dqg krxuv/ wkdq lqglylgxdov lq
wkh rplwwhg fdwhjrulhv1 Vrph ri wkhvh h￿hfwv/ h1j1 wkrvh iru wkh |rxqjhvw jurxs
rq vrfldo dvvlvwdqfh/ duh frpsdudeoh lq vl}h wr wkh vwurqjhvw uhjlrqdo h￿hfwv1 Lq
wkh fdvh ri phq rq vrfldo dvvlvwdqfh/ wkh glvdelolw| yduldeoh/ wkrxjk fduu|lqj d
qhjdwlyh vljq/ lv qrw vljql￿fdqw1 Wklv pd| eh wkh uhvxow ri dq lqvx!flhqw qxpehu
ri lqglylgxdov lq wklv fhoo1 Glvdeohg lqglylgxdov r￿ vrfldo dvvlvwdqfh duh <( srlqwv
ohvv olnho| wr eh lq wkh oderxu irufh dqg zrun 9 ihzhu krxuv shu prqwk wkdq wkh
frqwuro jurxs1
Wkh frh!flhqwv rq pdulwdo vwdwxv duh srvlwlyh iru phq zkr duh rq dqg qhjdwlyh
iru phq zkr duh r￿ vrfldo dvvlvwdqfh/ wkrxjk vljql￿fdqfh lv rqo| dwwdlqhg lq wkh
vwdqg0dorqh Wrelw htxdwlrqv1 Wklv pd| uh hfw qhhg 0 qrwh wkdw rzq fkloguhq djhg
9048 dovr lqfuhdvh wkh oderxu pdunhw lqyroyhphqw ri phq rq vrfldo dvvlvwdqfh1
Wdeoh 7 frqwdlqv uhvxowv iru zrphq1 Dv wkhuh duh d qxpehu ri vlplodulwlhv zlwk
wkh uhvxowv iru pdohv/ sduwlfxodu dwwhqwlrq lv sdlg wr wkh qrwdeoh gl￿huhqfhv ehwzhhq
wkh uhvxowv lq Wdeoh 6 dqg 71 Wkh suredelolw| ri oderxu irufh sduwlflsdwlrq dqg
h{shfwhg krxuv ri zrun iru wkh ehqfkpdun jurxsv dsshdu/ zlwk wkh vdph fdyhdw
dv iru phq/ lq urz 4/ froxpqv 8 dqg 43/ Wdeoh 71
Lq frqwudvw wr wkh uhvxowv iru phq r￿ vrfldo dvvlvwdqfh/ wkh frh!flhqw rq wkh
59zdjh udwh iru zrphq zkr duh r￿ vrfldo dvvlvwdqfh lv qhjdwlyh dqg vljql￿fdqw1 Wklv
lv qrw dq xqxvxdo ￿qglqj173 Wkh uhgxfwlrq lq wkh oderxu irufh sduwlflsdwlrq udwh
dqg krxuv ri zrun dv wkh zdjh udwh lqfuhdvhv iurp lwv phdq wr lwv pd{lpxp ydoxh
duh 53( srlqwv dqg <19 krxuv uhvshfwlyho| 0 froxpq 43/ Wdeoh 71 Dv iru phq/ wkh
vrfldo dvvlvwdqfh yduldeohv frqwlqxh wr kdyh qhjdwlyh frh!flhqwv lq wkh htxdwlrqv
iru zrphq rq vrfldo dvvlvwdqfh dqg wkh txdqwlwdwlyh h￿hfwv iru wkh ehqh￿wv yduldeoh
duh qrw qhjoljleoh1 Krzhyhu/ qhlwkhu yduldeoh lv vwdwlvwlfdoo| vljql￿fdqw1
Wkh frh!flhqwv rq wkh uhjlrqdo gxpplhv lq Wdeoh 7 vxjjhvw wkdw/ dv lq wkh fdvh
ri phq/ oderxu pdunhw lqyroyhphqw e| zrphq lv vljql￿fdqwo| orzhu lq wkh Dwodqwlf
Surylqfhv dqg Txhehf wkdq lv wkh fdvh lq wkh Zhvw 0 wkh txdqwlwdwlyh h￿hfwv iru
wkhvh uhjlrqv lq froxpq 8/ Wdeoh 7/ duh hvshfldoo| vxevwdqwldo1 Iru zrphq rq vrfldo
dvvlvwdqfh/ lw lv dovr orzhu lq Rqwdulr dqg wkh Sudlulhv/ wkrxjk Sudlulh zrphq zkr
duh r￿ vrfldo dvvlvwdqfh duh pruh olnho| wr sduwlflsdwh lq wkh oderxu irufh dqg wr
zrun orqjhu krxuv wkdq wkrvh lq wkh Zhvw1
Wkh vljq sdwwhuq iru wkh djh dqg hgxfdwlrq yduldeohv lv eurdgo| vlplodu wr wkdw
iru phq1 Zrun0olplwlqj glvdelolw| kdv wkh dqwlflsdwhg qhjdwlyh frh!flhqwv dqg
wkhvh duh jhqhudoo| vwdwlvwlfdoo| vljql￿fdqw1 Wkh txdqwlwdwlyh h￿hfwv iru zrphq rq
vrfldo dvvlvwdqfh duh zhdnhu wkdq wkrvh iru zrphq r￿ vrfldo dvvlvwdqfh/ d sdwwhuq
dovr suhvhqw lq Wdeoh 6/ suhvxpdeo| ehfdxvh wkhuh lv pruh yduldqfh lq wkh oderxu
pdunhw lqyroyhphqw ri lqglylgxdov r￿ vrfldo dvvlvwdqfh1 Wkh krxuv htxdwlrqv iru
zrphq rq vrfldo dvvlvwdqfh gr qrw d￿rug dq| uroh wr wkh pdulwdo vwdwxv dqg qxpehu
ri fkloguhq yduldeohv1 Iru zrphq r￿ vrfldo dvvlvwdqfh/ wkhuh lv vwurqj hylghqfh ri
qhjdwlyh vxsso| h￿hfwv dulvlqj iurp wkh qxpehu ri fkloguhq yluwxdoo| uhjdugohvv ri
73Iru d uhylhz ri ￿qglqjv rq krxuv htxdwlrqv zklfk lqfoxghv wkrvh lq Qdndpxud dqg Qdndpxud
+4<;4, iru Fdqdgd/ vhh Nloolqjvzruwk +4<;6,1
5:djh1
Wkh fruuhodwlrq frh!flhqwv ehwzhhq wkh huuru whup lq wkh Surelw dqg hdfk ri
wkh Wrelw htxdwlrqv lq wkh hqgrjhqrxv vhohfwlrq vshfl￿fdwlrq duh dozd|v srvlwlyh
dqg vljql￿fdqw dw wkh 43( ohyho lq doo exw wkh fdvh ri krxuv vxssolhg e| phq rq
vrfldo dvvlvwdqfh1 Wklv ￿qglqj/ zklfk lv d ihdwxuh ri wkh v|vwhp dssurdfk dgrswhg
lq wklv sdshu/ dsshduv urexvw wr fkdqjhv lq vshfl￿fdwlrq1 Wkdw lv/ xqrevhuydeohv
zklfk whqg wr lqfuhdvh wkh suredelolw| ri ehlqj rq vrfldo dvvlvwdqfh dovr lqfuhdvh
oderxu pdunhw lqyroyhphqw/ hvshfldoo| iru phq dqg zrphq zkr duh qrw douhdg| rq
vrfldo dvvlvwdqfh1 Wklv ￿qglqj pd| klqw ri irufhv shuwdlqlqj wr ￿qdqfldo kdugvkls
dqg wkh qhhg dqg surshqvlw| wr zrun zklfk duh qrw dghtxdwho| fdswxuhg e| wkh
yduldeohv lq Wdeohv 5071 Wklv lqwhusuhwdwlrq zrxog eh frqvlvwhqw zlwk wkh jhqhudo
wrqh ri wkh ￿qglqjv lq wklv sdshu zklfk whqg wr dffrug rqo| d olplwhg uroh wr
surjudp yduldeohv1
Dv lq wkh vrfldo dvvlvwdqfh sduwlflsdwlrq htxdwlrq/ wkh lqglylgxdo*v 4<;; h{sh0
ulhqfh pd| vhuyh dv d nlqg ri ￿{hg h￿hfw zklfk fdswxuhv lpsruwdqw xqrevhuyhg
fkdudfwhulvwlfv1 Wkxv/ Wdeohv 6 dqg 7 dovr frqglwlrq rq oderxu irufh sduwlflsdwlrq
lq 4<;; dqg wklv yduldeoh lv vhhq wr eh h{wuhpho| srzhuixo1 Oderxu irufh sduwlfl0
sdwlrq gxulqj 4<;; lqfuhdvhv wkh suredelolw| ri sduwlflsdwlrq lq 4<;< e| 73 wr 93(
srlqwv1 H{shfwhg krxuv ri zrun dovr lqfuhdvh gudpdwlfdoo| e| dprxqwv zklfk duh
hvshfldoo| odujh iru lqglylgxdov r￿ vrfldo dvvlvwdqfh +h1j1 4491; krxuv shu prqwk iru
phq,1 Wkhvh h￿hfwv duh uhdvrqdeoh jlyhq wkh gdwd lq Wdeoh 41 H{shulhqfh gxulqj
4<;;/ zklfk lv qrw lqfoxghg lq wkh ehqfkpdun fdofxodwlrqv ri urz 4/ froxpqv 8 dqg
43/ Wdeohv 6 dqg 7/ khosv eulqj wkh ￿jxuhv lq wkrvh fhoov wr pruh uhsuhvhqwdwlyh
ohyhov jlyhq wkdw prvw lqglylgxdov/ exw hvshfldoo| wkrvh r￿ vrfldo dvvlvwdqfh/ zhuh
lq wkh oderxu irufh gxulqj 4<;; 0 vhh Wdeoh 41
5;Wkh v|vwhp dssurdfk wr prghoolqj vrfldo dvvlvwdqfh dqg oderxu vxsso| kdv
fohdu frqfhswxdo dqg hfrqrphwulf dgydqwdjhv1 Lw lv dovr qrwhzruwk| wkdw lw riwhq
lpsolhv gl￿huhqw txdqwlwdwlyh uhvsrqvhv1 Iru lqvwdqfh/ wkh frh!flhqw rq wkh vr0
fldo dvvlvwdqfh ehqh￿w yduldeoh iru ihpdohv lq Wdeoh 5 lv frqvlghudeo| vpdoohu lq
wkh v|vwhp0edvhg Surelw htxdwlrqv wkdq lq wkh vwdqg0dorqh Surelw htxdwlrq1 Wklv
pd| eh ehfdxvh wkh v|vwhp dssurdfk wdnhv lqwr dffrxqw wkh hqgrjhqrxv krxuv
uhvsrqvh1 Iru lqvwdqfh/ lq Wdeoh 7/ dq lqfuhdvh lq wkh ehqh￿w yduldeoh zloo lq0
gxfh d frqvlghudeo| vpdoohu ghfolqh lq oderxu vxsso| +dqg khqfh lqfuhdvh lq vrfldo
dvvlvwdqfh sduwlflsdwlrq, lq wkh v|vwhp fdvh wkdq lq wkh vwdqg0dorqh Wrelw fdvh1
814141 Vhqvlwlylw| Dqdo|vlv
Dv qrwhg lq vhfwlrq 7/ wkh frqvwuxfwlrq ri wkh vrfldo dvvlvwdqfh surjudp yduldeohv lv
d frpsoh{ xqghuwdnlqj zklfk uhtxluhv pdq| vwhsv dqg dvvxpswlrqv1 Wkh ehqh￿w
yduldeoh xvhg lq wklv vwxg| lv edvhg rq yhu| ghwdlohg lqirupdwlrq frqfhuqlqj wkh
lqglylgxdo*v sodfh ri uhvlghqfh/ glvdelolw| dqg vl}h ri idplo|1 Lw lv gl!fxow wr vhh krz
wklv yduldeoh pljkw eh lpsuryhg1 Wkh fodz0edfn yduldeoh lqfrusrudwhv ghwdlov ri
surjudp hduqlqjv h{hpswlrqv dqg wd{ udwhv zklfk dovr ydu| e| surylqfh/ glvdelolw|
dqg idplo| vl}h1 Wkhvh/ wrr/ duh gl!fxow wr lpsuryh xsrq1 Krzhyhu/ wkh fodz0
edfn yduldeoh dovr lqfoxghv dvvxpswlrqv derxw wkh qxpehu ri krxuv zrunhg dqg
wkh suhglfwhg zdjh udwh1 Wzr dowhuqdwlyh yduldeohv/ rqh edvhg rq ;3 krxuv shu
prqwk dqg dqrwkhu zklfk vhwv wkh zdjh udwh iru doo lqglylgxdov dw lwv dyhudjh
ohyho frqglwlrqdo rq sduwlflsdwlrq +’44153, zhuh dovr frqvlghuhg> lq wkh odwwhu/ wkh
fodz0edfn yduldeoh ghshqgv vroho| rq surjudp sdudphwhuv1
Wkh uhvxowv rq wkh dvvxphg ;3 krxuv shu zhhn vshfl￿fdwlrq lqglfdwh wkdw wkh
jhqhudo vljq sdwwhuq/ frh!flhqw vljql￿fdqfh dqg/ lq prvw fdvhv/ frh!flhqw vl}h
5<uhpdlq xqd￿hfwhg1 Prylqj wr wkh frqvwdqw zdjh udwh vshfl￿fdwlrq dqg frpsdulqj
wr wkh ;3 krxuv shu prqwk dqg frqvwuxfwhg zdjh udwh ehqfkpdun ri Wdeohv 5 wr
7/ lw lv fohdu wkdw zkdw vrphwlphv dsshduv dv d fodz0edfn h￿hfw pd| dfwxdoo| eh
d zdjh udwh h￿hfw= Zkhq wkh frqvwdqw0zdjh fodz0edfn yduldqw lv xvhg lw lv qrw
vljql￿fdqw dqg/ zkhuh lw suhylrxvo| zdv qhjdwlyh dqg vljql￿fdqw/ wkh zdjh udwh
qrz kdv d vwurqjhu/ qhjdwlyh/ frh!flhqw1 Wkhvh uhvxowv duh qrw suhvhqwhg lq ghwdlo1
8151 Wkh Vhfrqg Vdpsoh
Wdeohv 8 dqg 9 suhvhqw sduwldo uhvxowv edvhg rq wkh odujhu vdpsoh zklfk grhv qrw
h{foxgh lqglylgxdov zkr kdyh d vsrxvh suhvhqw1 Doo htxdwlrqv lqfoxgh d vsrxvh0
suhvhqw dqg d khdgvkls lqglfdwru dv zhoo dv wkh qxpehu ri idplo| phpehuv zlwk
d ixoo0|hdu ixoo0wlph mre1 Wkh vsrxvh0suhvhqw yduldeoh uhgxfhv wkh suredelolw| ri
vrfldo dvvlvwdqfh uhfhlsw lq doo htxdwlrqv +e| 0<14( dqg 041;( iru pdohv dqg ihpdohv
uhvshfwlyho|, exw lw lv qrw vljql￿fdqw lq wkh v|vwhp Surelw htxdwlrqv1 Krxvhkrog
Khdgv duh ohvv olnho| wr eh rq vrfldo dvvlvwdqfh li wkh| duh pdoh dqg pruh vr li
wkh| duh ihpdoh1 Wklv pd| dulvh ehfdxvh ihpdoh Khdgv pd| uhvlgh lq krxvhkrogv
zlwk hoghuo| sduhqwv ru uhodwlyhv zkr kdyh qr lqfrph1 Wkhvh h￿hfwv/ lq froxpqv
8 dqg 43/ Wdeoh 8/ duh 0<18( dqg 41;( srlqwv uhvshfwlyho|1 Dgglwlrqdo idplo|
mrev ghsuhvv wkh suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw iru erwk jhqghuv= D vlqjoh
idplo| mre zrxog uhgxfh wklv suredelolw| e| 4516( srlqwv iru pdohv dqg 817(
srlqwv iru ihpdohv> wkh pd{lpxp iru wklv yduldeoh lv ￿yh mrev1 Wkh lqfoxvlrq dqg
shuirupdqfh ri wkhvh frqwurov vxjjhvwv wkdw wklv odujhu vdpsoh pd| |lhog xvhixo
lqirupdwlrq rq wkh shuirupdqfh ri wkh surjudp yduldeohv1
Wkh vzlwfk wr wklv odujhu vdpsoh dsshduv wr kdyh jhqhudoo| vwuhqjwkhqhg wkh
ehqh￿w yduldeoh zklfk lv qrz srvlwlyh lq doo htxdwlrqv dqg lv vljql￿fdqw iru ihpdohv1
63Wkh vl}h ri wklv frh!flhqw lv qrz qhduo| grxeoh wkdw lq wkh vdpsoh ri Wdeoh 5 exw/
ghvslwh wklv/ wkh h￿hfw lq froxpq 43/ Wdeoh 8/ lv rqo| d 615( srlqw lqfuhdvh lq
wkh suredelolw| ri vrfldo dvvlvwdqfh uhfhlsw dv wkh ehqh￿w yduldeoh lqfuhdvhv iurp
lwv phdq wr lwv pd{lpxp174 Wkh fodz0edfn yduldeoh/ zklfk dv vhhq deryh/ pd|
dfwxdoo| fdswxuh d zdjh h￿hfw lv qr orqjhu vljql￿fdqw1 Wkhvh uhvxowv duh vwloo edvhg
rq vshfl￿fdwlrqv zklfk frqwuro iru doo wkh yduldeohv lq Wdeoh 5 dqg/ lq jhqhudo/ wkhvh
yduldeohv kdyh wkh vljq sdwwhuqv dqg frh!flhqw vl}hv uhsruwhg hduolhu1
Lq wkh lqwhuhvwv ri euhylw| dqg ehfdxvh wklv lv zkhuh wkh vrfldo dvvlvwdqfh ydul0
deohv dsshdu/ Wdeoh 9 uhsruwv krxuv htxdwlrqv rqo| iru lqglylgxdov rq vrfldo dvvlv0
wdqfh1 Wkh ehqh￿w yduldeoh kdv wkh qhjdwlyh vljq vhhq lq Wdeohv 6 dqg 7 exw lw lv
qrz vwdwlvwlfdoo| zhdnhu1 E| frqwudvw wkh wd{ yduldeoh lv frqvlvwhqwo| qhjdwlyh dqg
vljql￿fdqw/ wkrxjk wklv pd| eh d zdjh h￿hfw1 Wkh zdjh udwh lwvhoi kdv qhjdwlyh/
vljql￿fdqw/ frh!flhqwv lq wkh Wrelw htxdwlrqv iru zrphq exw lw lv qrw vljql￿fdqw
lq wkh htxdwlrqv iru phq1
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Wkh oderxu irufh dqg vrfldo dvvlvwdqfh sduwlflsdwlrq ghflvlrqv duh fohduo| lqwhuuh0
odwhg iru zlwk vx!flhqw krxuv ri zrun dw d kljk0hqrxjk zdjh udwh dq lqglylgxdo
zrxog qrw txdoli| iru vxssruw1 Wklv sdshu h{soruhv wklv lqwhudfwlrq dqg dwwhpswv
74Zkhq/ iru pdohv/ wkh vdpsoh lv uhvwulfwhg ixuwkhu wr Khdgv rqo|/ wkh ehqh￿wv yduldeoh lv
srvlwlyh dqg vljql￿fdqw lq erwk wkh Elqrpldo Surelw +frh!flhqw ri 3157 zlwk d f2vh ri 514<, dqg
H2V Surelw htxdwlrq +frh!flhqw ri 3135 zlwk d f2vh ri 619<,1 Wkh fodz0edfn yduldeoh lv rqo|
vljql￿fdqw lq wkh H2V Surelw htxdwlrq +frh!flhqw ri 031336 zlwk d f2vh ri 5167,1 Iru ihpdoh
Khdgv/ wkh vdpsoh dqdo|vhg e| Fkduhwwh dqg Phqj +4<<7,/ wkh surjudp yduldeohv shuirup dv lq
Wdeoh 8/ doehlw pruh vwurqjo|1
64wr uhfrqfloh zkdw rq wkh vxuidfh ri lw dsshdu wr eh wkh gl￿huhqw uhvxowv rewdlqhg
zkhq wklv dssurdfk lv xvhg dqg zkhq wkh vrfldo dvvlvwdqfh sduwlflsdwlrq ghflvlrq
lv vwxglhg lqghshqghqwo| ri wkh oderxu pdunhw ghflvlrq1 Wrelw htxdwlrqv iru krxuv
zrunhg e| lqglylgxdov rq dqg r￿ vrfldo dvvlvwdqfh duh hvwlpdwhg xvlqj Ixoo Lqiru0
pdwlrq Pd{lpxp Olnholkrrg/ doorzlqj iru hqgrjhqrxv vhohfwlrq ri wkh lqglylgxdo*v
vrfldo dvvlvwdqfh vwdwxv wkurxjk d vlpxowdqhrxvo| hvwlpdwhg Surelw htxdwlrq1 Lq
dgglwlrq/ vwdqg0dorqh Wrelw dqg Surelw htxdwlrqv duh uhsruwhg erwk wr olqn xs
zlwk wkh hduolhu Fdqdgldq olwhudwxuh dqg wr h{dplqh wkh h{whqw wr zklfk uhvxowv
rewdlqhg duh vhqvlwlyh wr wkh hfrqrphwulf phwkrgrorj| dgrswhg1 Vhsdudwh vdp0
sohv ri pdohv dqg ihpdohv zkr gr qrw kdyh vsrxvhv duh frqvlghuhg1 Lq dgglwlrq/
d vhfrqg vhw ri vdpsohv iru pdohv dqg ihpdohv zkr kdyh d vsrxvh suhvhqw lv frq0
vlghuhg erwk ehfdxvh wkhvh vdpsohv duh odujhu dqg ehfdxvh wkh| fruuhvsrqg pruh
forvho| wr vrph ri wkh vdpsohv vwxglhg lq hduolhu olwhudwxuh1 Erwk vhwv ri vdpsohv
pd| lqyroyh lqglylgxdov zkr kdyh fkloguhq suhvhqw1 Dq lpsruwdqw ihdwxuh ri wkh
4<;;0;< Orqjlwxglqdo OPDV gdwd xvhg lv wkdw lw lv srvvleoh wr frqglwlrq rq wkh
sdvw oderxu irufh dqg vrfldo dvvlvwdqfh sduwlflsdwlrq e| wkhvh lqglylgxdov1 Wklv
pdnhv lw srvvleoh wr wdnh lqwr dffrxqw wkh yhu| frqvlghudeoh vrfldo dvvlvwdqfh dqg
oderxu irufh sduwlflsdwlrq shuvlvwhqfh wkdw lv hylghqw lq wkh udz gdwd ri Wdeoh 41
Wkh ￿w ri wkh ydulrxv htxdwlrqv lv uhdvrqdeoh dqg pdq| shuvrqdo fkdudfwhulv0
wlfv vxfk dv djh/ hgxfdwlrq/ pdulwdo vwdwxv/ wkh djh dqg qxpehu ri fkloguhq dqg
glvdelolw| duh/ lq jhqhudo/ lpsruwdqw ghwhuplqdqwv ri wkhvh ghflvlrqv1 Ri sduwlfxodu
uhohydqfh wr wklv vwxg| lv wkh uroh ri wkh vrfldo dvvlvwdqfh yduldeohv1 Orrnlqj ￿uvw
dw wkh vrfldo dvvlvwdqfh sduwlflsdwlrq htxdwlrqv dqg wkh fdvh ri pdohv/ wkh ehqh￿w
ohyho/ zklfk lv qrw xvhixo lq wkh vdpsoh ri pdohv zlwkrxw d vsrxvh suhvhqw/ dftxluhv
d srvlwlyh frh!flhqw dqg ehfrphv vljql￿fdqw dw orzhu vl}h ohyhov lq odujhu vdpsohv
65zkhuh lqglylgxdov zlwk d vsrxvh suhvhqw duh lqfoxghg/ sduwlfxoduo| lq d vdpsoh ri
phq zkr duh khdgv ri krxvhkrog1 Krzhyhu/ wkh txdqwlwdwlyh frqwulexwlrq ri wklv
yduldeoh lv yhu| vpdoo1 Iru pdohv/ wkh fodz0edfn udwh +wkh sursruwlrq ri lqfrph orvw
ehfdxvh ri ghfuhdvhg zhoiduh ehqh￿wv dv hduqhg lqfrph ulvhv, kdv qrwklqj xvhixo
wr frqwulexwh wr wkh vrfldo dvvlvwdqfh sduwlflsdwlrq htxdwlrq1
Lq wkh fdvh ri ihpdohv/ wkh ehqh￿w yduldeoh dozd|v fduulhv d srvlwlyh vljq dqg lv
vljql￿fdqw/ sduwlfxoduo| lq odujhu vdpsohv1 Wkh fodz0edfn yduldeoh kdv wkh dqwlfl0
sdwhg qhjdwlyh frh!flhqw dqg wklv lv vljql￿fdqw hyhq lq wkh v|vwhp0edvhg Surelw
htxdwlrq1 Krzhyhu/ wklv uhvxow lv vhqvlwlyh wr wkh frqvwuxfwlrq phwkrg iru wklv
yduldeoh dqg lw pd| vlpso| eh d zdjh h￿hfw1 Wkdw lv/ wkh kljkhu wkh zdjh udwh
wkh orzhu wkh surshqvlw| wr uho| rq vrfldo dvvlvwdqfh dqg rqfh wklv lqjuhglhqw ri
wkh fodz0edfn yduldeoh lv uhpryhg/ ohdylqj lw d ixqfwlrq ri wkh xqghuo|lqj surjudp
sdudphwhuv rqo|/ wklv yduldeoh lv qr orqjhu vljql￿fdqw1 Lq dgglwlrq/ wkh fodz0
edfn yduldeoh lv qrw vljql￿fdqw lq wkh odujhu vdpsoh ri ihpdohv zkr kdyh d vsrxvh
suhvhqw1
Wkh uhvxowv rewdlqhg iru ihpdohv uhfrqfloh suhylrxv ￿qglqjv/ prvw ri zklfk ghdo
zlwk wkh fdvh ri ihpdohv= Fkduhwwh dqg Phqj +4<<7,/ iru h{dpsoh/ wuhdw wkh vrfldo
dvvlvwdqfh sduwlflsdwlrq ghflvlrq dv lqghshqghqw ri oderxu vxsso|/ zrun zlwk dq
OPDV vdpsoh ri ihpdoh khdgv ri krxvhkrog/ dqg ￿qg wkdw wkh ehqh￿w ohyho kdv
d vljql￿fdqw srvlwlyh frh!flhqw lq vrfldo dvvlvwdqfh sduwlflsdwlrq htxdwlrqv1 E|
frqwudvw/ FVV wuhdw wkh vrfldo dvvlvwdqfh dqg oderxu vxsso| ghflvlrqv dv lqwhugh0
shqghqw/ zrun zlwk vpdoohu OPDV vdpsohv ri vlqjoh ihpdohv ru orqh prwkhuv dqg
￿qg wkdw wkh ehqh￿w yduldeoh lv qrw xvhixo1 Wkh uhvxowv lq wklv sdshu vxjjhvw wkdw
wkh hvwlpdwlrq phwkrg grhv pdnh d gl￿huhqfh lq wkh vpdoohu vdpsoh ri ihpdohv
zkr kdyh qr vsrxvh suhvhqw= Zkhq wkh lqwhughshqghqfh ri vrfldo dvvlvwdqfh dqg
66oderxu vxsso| lv wdnhq lqwr dffrxqw dqg d v|vwhp hvwlpdwlrq phwkrg xvhg/ wkh
ehqh￿w yduldeoh/ zklfk lv vljql￿fdqw lq wkh vwdqg0dorqh Surelw htxdwlrq/ lv qr
orqjhu vljql￿fdqw1 Krzhyhu/ lq wkh odujhu vdpsoh ri ihpdohv zlwk d vsrxvh suhvhqw
dqg sduwlfxoduo| wkrvh zkr duh idplo| khdgv wkh ehqh￿w yduldeoh lv dozd|v vljqli0
lfdqw1 Wkxv/ wkh gl￿huhqfh lq hduolhu ￿qglqjv iru ihpdohv lv uhvroyhg dv d vdpsoh
vl}h/ udwkhu wkdq dq hvwlpdwlrq phwkrg/ lvvxh1 Lw vkrxog eh qrwhg wkdw lq vslwh ri
wklv uhfrqfloldwlrq ri hduolhu ￿qglqjv/ wkh txdqwlwdwlyh h￿hfwv ri wkh ehqh￿w ydul0
deoh lv prghvw1 Wkh shuirupdqfh ri wkh fodz0edfn yduldeoh lq Fkduhwwh dqg Phqj
+4<<7, lv frqvlvwhqw zlwk wkh pl{hg uhvxowv rewdlqhg iru wklv yduldeoh khuh1
Lq wkh v|vwhp0edvhg krxuv htxdwlrqv iru pdohv dqg ihpdohv rq vrfldo dvvlvwdqfh/
wkh wzr surjudp yduldeohv dozd|v kdyh qhjdwlyh vljqv1 Lq wkh vpdoohu vdpsohv/
iurp zklfk lqglylgxdov zlwk d vsrxvh suhvhqw duh h{foxghg/ wkh ehqh￿wv yduldeoh
lv vljql￿fdqw dw wkh 8( ohyho iru pdohv dqg kdv d qrwhzruwk| txdqwlwdwlyh h￿hfw
rq krxuv> krzhyhu/ wkh vwdwlvwlfdo vljql￿fdqfh ri wklv yduldeoh lv qrw pdlqwdlqhg
lq wkh odujhu vdpsoh1 Wkh ehqh￿wv yduldeoh lv qhyhu vljql￿fdqw lq wkh Wrelw htxd0
wlrqv iru ihpdohv1 Lq wkh odujhu vdpsoh/ zkhuh lqglylgxdov zlwk d vsrxvh suhvhqw
duh lqfoxghg/ wkh fodz0edfn yduldeoh lv frqvlvwhqwo| vljql￿fdqw> lw vkrxog eh qrwhg/
krzhyhu/ wkdw wklv yduldeoh lv qhyhu vljql￿fdqw lq wkh vpdoohu vdpsoh1 Wkxv/ sur0
judp yduldeohv gr qrw dsshdu wr kdyh uholdeoh h￿hfwv rq oderxu irufh lqyroyhphqw1
Wkhuh lv/ wkhq/ vrph hylghqfh wkdw surjudp ehqh￿wv d￿hfw sduwlflsdwlrq lq
vrfldo dvvlvwdqfh sduwlfxoduo| e| ihpdohv1 Wkh vl}h ri wklv h￿hfw lv vpdoohu lq
wkh v|vwhp wkdq lq wkh vwdqg0dorqh sduwlflsdwlrq htxdwlrqv lq hduolhu olwhudwxuh>
pd{lpdo lpsdfwv duh lq wkh rughu ri 5 wr 6( srlqw lqfuhdvhv lq wkh suredelolw| ri
vrfldo dvvlvwdqfh uhfhlsw dv ehqh￿wv ulvh iurp wkhlu phdq wr wkhlu pd{lpxp ydoxh1
Wkh oderxu vxsso| h￿hfwv ri wkh ehqh￿w yduldeoh duh ohvv zhoo hvwdeolvkhg1
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^<‘ Elqjoh|/ S1/ J1 Odqrw/ H1 V|prqv dqg L1 Zdonhu +4<<8, cFklog Vxssruw Uhirup
dqg wkh Oderu Vxsso| ri Orqh Prwkhuv lq wkh Xqlwhg Nlqjgrp*/ Wkh Mrxuqdo
ri Kxpdq Uhvrxufhv/ 63/ 5/ 58905:;1
^43‘ Elqjoh|/ S1 dqg L1 Zdonhu +4<<:, cWkh Oderxu Vxsso|/ Xqhpsor|phqw dqg
Sduwlflsdwlrq ri Orqh Prwkhuv lq Lq0Zrun Wudqvihu Surjudpphv*/ Wkh Hfr0
qrplf Mrxuqdo/ Vhswhpehu/ 46:8046<31
^44‘ Eodqn/ U1 P1 +4<;8, cWkh Lpsdfw ri Vwdwh Hfrqrplf Gl￿huhqwldov rq Krxvh0
krog Zhoiduh dqg Oderu Irufh Ehkdylru*/ Mrxuqdo ri Sxeolf Hfrqrplfv 5;/
5808;1
^45‘ Fdug/ G1 dqg S1 N1 Urelqv +4<<9, Gr Ilqdqfldo Lqfhqwlyhv Hqfrxudjh Zho0
iduh Uhflslhqwv wr ZrunB +Vrfldo Uhvhdufk dqg Ghprqvwudwlrq Frusrudwlrq/
Kxpdq Uhvrxufh Ghyhorsphqw Fdqdgd/ Rwwdzd,1
^46‘ Fkduhwwh/ P1 dqg U1 Phqj +4<<7, cWkh Ghwhuplqdqwv ri Zhoiduh Sduwlflsdwlrq
ri Ihpdoh Khdgv ri Krxvhkrogv lq Fdqdgd*/ Fdqdgldq Mrxuqdo ri Hfrqrplfv/
5:/ 5<306391
69^47‘ Fkulvwr￿ghv/ O1 Q1 dqg ]1 Olx +4<<<, cUhfhqw Wzr0Vwdjh Vdpsoh Vhohfwlrq
Surfhgxuhv zlwk dq Dssolfdwlrq wr wkh Jhqghu Zdjh Jds1* Xqlyhuvlw| ri
Jxhosk/ Plphrjudsk1
^48‘ Fkulvwr￿ghv/ O1 Q1/ W1 Vwhqjrv dqg U1 Vzlglqvn| +4<<:d, cZhoiduh Sduwlfl0
sdwlrq dqg Oderxu Pdunhw Ehkdylrxu lq Fdqdgd*/ Fdqdgldq Mrxuqdo ri Hfr0
qrplfv/ [[[/ 6/ 8<809541
^49‘ Fkulvwr￿ghv/ O1 Q1/ W1 Vwhqjrv dqg U1 Vzlglqvn| +4<<:e, cRq wkh Fdofxodwlrq
ri Pdujlqdo H￿hfwv lq wkh Elyduldwh Surelw Prgho*/ Hfrqrplfv Ohwwhuv/ 87/
536053;1
^4:‘ Grroh|/ P1 G1 +4<<7, cWkh Xvh ri Vrfldo Dvvlvwdqfh Lqfrph e| Fdqdgldq Orqh
Prwkhuv*/ Ghsduwphqw ri Hfrqrplfv/ PfPdvwhu Xqlyhuvlw|/ Plphrjudsk1
^4;‘ Grroh|/ P1 G1/ S1 Ohiheyuh dqg S1 Phuuljdq +4<<:, cOrqh Ihpdoh Khdgvkls
dqg Zhoiduh Srolf| lq Fdqdgd*/ Plphrjudsk1
^4<‘ Iruwlq/ E1/ J1 Odfurl{ dqg M1 Wkledxow +4<<:, cZhoiduh Surjudp dqg Orqh
Prwkhuv*/ Xqlyhuvlw| Odydo/ Plphrjudsk1
^53‘ Khfnpdq/ M1 M1 +4<:<, cVdpsoh Vhohfwlrq Eldv dv d Vshfl￿fdwlrq Huuru*/ Hfrqr0
phwulfd 7:/ 4860941
^54‘ Nloolqjvzruwk/ P1 U1 +4<;6, Oderu Vxsso| +Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw|
Suhvv,1
^55‘ Qdndpxud/ D1 dqg P1 Qdndpxud +4<;4, cD Frpsdulvrq ri wkh Oderu Irufh
Ehkdylru ri Pduulhg Zrphq lq wkh Xqlwhg Vwdwhv dqg Fdqdgd/ Zlwk Vshfldo
Dwwhqwlrq wr wkh Lpsdfw ri Lqfrph Wd{hv*/ Hfrqrphwulfd/ 7</ 78407<31
6:^56‘ Qdndpxud/ D1 dqg P1 Qdndpxud +4<;8, Wkh Vhfrqg Sd|fkhfn= D Vrflrhfr0
qrplf Dqdo|vlv ri Hduqlqjv/ +Ruodqgr/ Dfdghplf Suhvv,1
^57‘ Oxl0Jxuu/ V1 +4<<8, cWkh Eulwlvk Froxpeld H{shulhqfh zlwk Lppljudqwv dqg
Zhoiduh Ghshqghqf|*/ lq Grq M1 Ghyruhw} +hglwru, Glplqlvklqj Uhwxuqv= Wkh
Hfrqrplfv ri Fdqdgd*v Uhfhqw Lppljudwlrq Srolf|/ +Srolf| Vwxg| 57/ F1 G1
Krzh Lqvwlwxwh dqg wkh Odxulhu Lqvwlwxwlrq/ Wrurqwr dqg Ydqfrxyhu,1
^58‘ Pr!ww/ U1 +4<;6, cDq Hfrqrplf Prgho ri Zhoiduh Vwljpd/ Dphulfdq Hfr0
qrplf Uhylhz :6/ 43560681
^59‘ Qdwlrqdo Frxqflo ri Zhoiduh +4<<3, Zhoiduh Lqfrphv 4<;</ D Uhsruw e| wkh
Qdwlrqdo Frxqflo ri Zhoiduh/ Zlqwhu 4<<30<4/ +Plqlvwhu ri Vxsso| dqg Vhu0
ylfhv Fdqdgd/ Rwwdzd,1
^5:‘ Vwhzduw/ M1 dqg P1 G1 Grroh| +4<<:, cWkh Gxudwlrq ri Vshoov Rq0Zhoiduh
dqg R￿0Zhoiduh Dprqj Orqh Prwkhuv lq Rqwdulr*/ PfPdvwhu Xqlyhuvlw|/
Plphrjudsk1




Iluvw Vdpsoh= Qr Vsrxvh 9<65 :49<
Rq Vrfldo Dvvlvwdqfh 944 4468
Lq wkh Oderxu Irufh 638 88;
Krxuv shu prqwk ;:13 ;41:
Rq VD lq suhy1 |hdu +fhoo (, 831; :416
Lq OI lq suhy1 |hdu +fhoo (, ;71< ;714
Qrw Rq Vrfldo Dvvlvwdqfh 9654 9367
Lq wkh Oderxu Irufh 86:3 7<:4
Krxuv shu prqwk 47<14 4731;
Rq VD lq suhy1 |hdu +fhoo (, 617 717
Lq OI lq suhy1 |hdu +fhoo (, <:13 <91;
Vhfrqg Vdpsoh= Vsrxvh Suhvhqw 6864: 668:3
Rq Vrfldo Dvvlvwdqfh 4678 499;
Lq wkh Oderxu Irufh :48 ::4
Krxuv shu prqwk ;413 ::1<
Rq VD lq suhy1 |hdu +fhoo (, 7;16 9:15
Lq OI lq suhy1 |hdu +fhoo (, ;913 ;51:
Qrw Rq Vrfldo Dvvlvwdqfh 66<:5 64<35
Lq wkh Oderxu Irufh 5:;76 56854
Krxuv shu prqwk 48614 45317
Rq VD lq suhy1 |hdu +fhoo (, 41< 513
Lq OI lq suhy1 |hdu +fhoo (, <:13 <71<Wdeoh 5
Sduwlflsdwlrq lq Vrfldo Dvvlvwdqfh e| Jhqghu
Pdohv Ihpdohv
Elqr1 Surelw H2V Surelw Elqr1 Surelw H2V Surelw
frhi f2vh frhi f2vh h￿hfw frhi f2vh frhi f2vh h￿hfw
Frqvwdqw 04156 41;4 04144 41;; 313;7d 0617; 817; 051:: 7167 31363d
oq Zdjh 03137 71<6 0155H04 5195 0313;7e 014;H04 5173 0143H04 4168 031359e
oq VD Ehq 3134 3139 145H05 3134 31333e 3158 5184 1487; 4186 31346e
oq VD FoEn 3134 316< 159H04 418: 31334e 0186H04 518; 0188H04 5194 031335e
VD lq 4<;; 41<4 5<1<9 416< 55194 31793f 41<7 69133 41:6 65178 31743f
Lppljudqw 03179 613: 03166 41<; 031373f 0313; 31:9 03145 4136 031343f
Shqvlrq Lqf 0317: 61;9 0316; 6146 031378f 0319; :134 0319; :133 031353f
Uhj= Dwo 0313< 4146 03139 31<6 03133<f 0313: 31<7 0313< 4157 031343f
Uhj= Txh 3146 419: 3159 51;8 3137:f 3137 3187 313: 31;7 31343f
Uhj= Rqw 03168 6175 0315: 51;4 031368f 03154 5199 03148 4197 031343f
Uhj= Su 03155 516: 03134 3145 031335f 03163 6187 03163 618; 031353f
Djh= ￿ 57 03178 71<3 03185 817; 031388f 3147 41:3 3135 3159 31333f
Djh= 58067 03168 7163 0316< 7185 031379f 3135 3156 0313< 4145 031343f
Djh= 68077 03137 3179 03147 4196 031353f 313; 31<8 03136 3163 31333f
Hg= ?KVfk 315; 61:4 3155 6133 3136<f 3197 <196 319: <1;3 313;3f
Hg= KVfk 3149 41;< 3148 41;3 31358f 3158 6173 3159 6178 31353f
Hg= WuFhuw 3146 4133 3138 3168 3133;f 3165 51:7 3166 5178 31363f
Ylv Plqru 0314: 31:9 0314: 319: 031356f 3153 4165 3159 416< 31353f
Glvde Olp 3189 91<5 318: 91<< 31458f 3197 <156 3197 <135 313;3f
Pduulhg 03188 6188 03153 31<; 03135:f 03154 41:4 03153 41:9 031343f
Fkog ￿8 3183 5175 3179 5184 313<8g 317< :184 3185 ;1:4 31393g
Fkog 9048 3144 4166 3149 41;5 31358g 3145 519: 3147 6156 31343g
RF k￿ 48 3137 3156 313; 3163 31346g 03134 3138 3134 313< 31333g
Q> Syh> ( 9<65 944 9<65 944 313;; :49< 4468 :49< 4468 3148;
Orj Olnho 04578 067989 04887 0664<8
U5 316< 3186
Fruu Suhg 31<7 31<5
Qrwhv= +d, Suhglfwhg suredelolw| ri VD uhfhlsw zlwk frqwlqxrxv yduldeohv dw wkhlu phdqv dqg glvfuhwh yduldeohv dw
}hur1 +e, H￿hfw rq wkh suredelolw| ri VD uhfhlsw ri lqfuhdvh lq frqwlqxrxv yduldeoh iurp lwv phdq wr lwv pd{lpxp
ydoxh1 +f, H￿hfw rq wkh suredelolw| ri VD uhfhlsw ri lqfuhdvh lq gxpp| iurp 3 wr 41 +g, H￿hfw rq wkh suredelolw|
ri VD uhfhlsw ri lqfuhdvh lq fdwhjrulfdo yduldeoh iurp 3 wr4 fklog1 Froxpqv 5/ 7/ : dqg </ zklfk uhsruw ydoxhv iru
frh!flhqwv2huuruv/ duh lq devroxwh whupv1Wdeoh 6
Vxsso| ri Krxuv e| Pdohv
Rq Vrfldo Dvvlvwdqfh Qr Vrfldo Dvvlvwdqfh
Wrelw H2V Wrelw Wrelw H2V Wrelw
frhi f2vh frhi f2vh h￿hfw frhi f2vh frhi f2vh h￿hfw
Frqvwdqw 54314 518< 4<614 514< 165> 4519d 06;1; 9166 0761< :147 167> 4;1:d
oq Zdjh 0617 61<8 0618 7146 0164> 04419e 315 31;9 31: 6138 135> 516e
oq VD Ehq 0671: 5196 05<1< 5145 0147> 0917e q2d q2d q2d q2d q2d> q2d
oq VD FoEn 0418 319; 0416 318; 133> 0315e q2d q2d q2d q2d q2d> q2d
OI lq 4<;; 44315 47175 4461: 4714: 193> :813f 4;413 771<: 49;1; 7;1:; 193> 4491;f
Lppljudqw 05;17 4164 05918 415< 0147> 0919f 04619 6163 04414 5178 0138> 0617f
Uhj= Dwo 0:315 :1<9 09914 :146 0159> 04414f 04;1: 9136 04:17 8163 013;> 0814f
Uhj= Txh 08516 81:9 07:1; 8133 0155> 0<16f 0471; 717: 04817 7153 013:> 0719f
Uhj= Rqw 491: 4179 4:14 4165 144> 917f 071: 4185 0318 3149 0134> 0314f
Uhj= Su 0941: 8174 0861; 6178 0156> 04319f 0617 4139 414 3164 133> 318f
Djh= ￿ 57 7616 61<; 6413 5196 153> 4613f 491: 7194 5514 9139 143> ;1:f
Djh= 58067 6816 619: 5716 5147 149> <19f 4:13 8143 4<1< 81;4 13<> :1:f
Djh= 68077 6;14 7136 5<16 51:4 14<> 4417f 4615 618; 4516 6166 138> 719f
Hg= ?KVfk 04317 4153 04516 4157 013:> 0618f 05518 ;148 05:1< <158 0144> 0:1:f
Hg= KVfk <1< 31<< <17 31;3 139> 615f 0918 5165 0:1; 518; 0136> 0517f
Hg= WuFhuw 6415 41:: 4618 3189 13<> 71;f 0519 3193 0419 316: 0134> 0317f
Ylv Plqru 0651< 31;5 315 3133 133> 313f 5716 714; 591< 7163 145> 431;f
Glvde Olp 0614 3169 0;19 31<6 0138> 0518f 0461< 614; 0531< 8198 013<> 0913f
Pduulhg 9913 6143 6415 414; 153> 4314f 0;16 41<< 0617 31;9 0135> 0413f
Fkog ￿8 0741: 41;6 04919 3188 013<> 0719g 5;1: 51:: 4;15 4169 13;> :13g
Fkog 9048 6519 7144 5<16 6187 14<> 4514g 031: 3154 031: 3153 0134> 0314g
RF k￿ 48 041< 313< 714 3144 135> 417g 0516 3175 0517 3178 0134> 031:g
￿ 9315 56187 9315 57175 ;313 434155 ;714 4951<9
￿ q2d q2d 03138 3178 q2d q2d 31;; 83166
Orj Olnho 04:;4 067989 064:<7 067989
Rev 944 944 9654 9654
Srv Rev 638 638 86:3 86:3
Qrwhv= +d, Suhglfwhg suredelolw| ri oderxu irufh sduwlflsdwlrq I dqg h{shfwhg krxuv H+K,/ lq I> H+K, irupdw/
zlwk frqwlqxrxv yduldeohv dw wkhlu phdqv dqg glvfuhwh yduldeohv dw }hur1 +e, H￿hfwv rq I> H+K, ri lqfuhdvh lq
frqwlqxrxv yduldeoh iurp lwv phdq wr lwv pd{lpxp ydoxh1 +f, H￿hfwv rq I> H+K, ri lqfuhdvh lq gxpp| iurp 3
wr 41 +g, H￿hfwv rq I> H+K, ri lqfuhdvh lq fdwhjrulfdo yduldeoh iurp 3 wr 4 fklog1 Froxpqv 5/ 7/ : dqg </ zklfk
uhsruw ydoxhv iru frh!flhqwv2vwdqgdug huuruv/ duh lq devroxwh whupv1Wdeoh 7
Vxsso| ri Krxuv e| Ihpdohv
Rq Vrfldo Dvvlvwdqfh Qr Vrfldo Dvvlvwdqfh
Wrelw H2V Wrelw Wrelw H2V Wrelw
frhi f2vh frhi f2vh h￿hfw frhi f2vh frhi f2vh h￿hfw
Frqvwdqw 56919 6137 4;814 5139 179> 5713d 05914 815; 05616 71;5 166> 4715d
oq Zdjh 0431< 44185 04413 4419 0175> 04;14e 031; 7137 0319 519; 0153> 0<19e
oq VD Ehq 0531; 41:6 04619 31<: 013:> 071<e q2d q2d q2d q2d q2d> q2d
oq VD FoEn 041;: 415; 0516 415: 0135> 031;e q2d q2d q2d q2d q2d> q2d
OI lq 4<;; ;913 461: ;61: 4418 173> 891;f 4961; 83166 48:14 8:163 197> 44618f
Lppljudqw 04719 4139 04719 4145 013<> 0914f 0418 3175 0413 315: 0134> 0316f
Uhj= Dwo 08:16 ;13: 08;13 :175 015<> 04:19f 0;16 613< 0:1< 51;< 0138> 0516f
Uhj= Txh 08819 9158 08913 8186 015;> 04:16f 04417 7135 04413 6183 0139> 0615f
Uhj= Rqw 0661< 61;9 06:15 61<< 0153> 04615f 515 31;: 715 417< 135> 418f
Uhj= Su 05<1; 618: 06514 51<8 014;> 0441;f ;1; 6155 4419 7138 139> 715f
Djh= ￿ 57 ;18 1;6 81; 317< 136> 51:f 4<15 91;; 491: 9153 13<> 916f
Djh= 58067 5:18 51:; 5619 5138 146> 4517f 5:14 43193 571: <144 147> <1;f
Djh= 68077 5713 5169 5419 41:6 145> 4415f 591: <17< 5815 ;188 147> 4314f
Hg= ?KVfk 06;1: 81:3 06916 7196 0153> 0451<f 05416 ;159 0591< 4313: 0146> 091<f
Hg= KVfk 0571; 6144 05716 51;3 0147> 0<17f 081: 5183 0;13 6163 0138> 0517f
Hg= WuFhuw 318 3137 51< 3155 134> 417f 0816 416: 0919 417; 0137> 0513f
Ylv Plqru 31< 3138 0416 313; 0135> 0319f 81: 413< 815 31<; 136> 41;f
Glvde Olp 04:19 51:8 04718 41<6 013<> 0913f 06718 <1:9 06<13 4519 014;> 0<13f
Pduulhg 541: 4157 4816 31<5 13;> :19f 04313 5185 0:1: 41;; 0138> 0516f
Fkog ￿8 316 3138 518 3175 134> 415g 04316 613< 04;18 818< 0143> 0814g
Fkog 9048 416 3166 417 3163 133> 319g 041: 4138 0818 613; 0136> 0419g
RF k￿ 48 0461< 31<< 04518 319< 013:> 0816g 04:14 71;3 04919 8139 013<> 0719g
￿ 9<18 641; 9<17 6:1< 9815 <:198 991< 48<1<:
￿ q2d q2d 3146 419; q2d q2d 318; 481<:
Orj Olnho 06676 0664<8 064:<7 0664<8
Rev 4468 4468 9367 9367
Srv Rev 88; 88; 7<:4 7<:4
Qrwhv= +d, Suhglfwhg suredelolw| ri oderxu irufh sduwlflsdwlrq I dqg h{shfwhg krxuv H+K,/ lq I> H+K, irupdw/
zlwk frqwlqxrxv yduldeohv dw wkhlu phdqv dqg glvfuhwh yduldeohv dw }hur1 +e, H￿hfwv rq I> H+K, ri lqfuhdvh lq
frqwlqxrxv yduldeoh iurp lwv phdq wr lwv pd{lpxp ydoxh1 +f, H￿hfwv rq I> H+K, ri lqfuhdvh lq gxpp| iurp 3
wr 41 +g, H￿hfwv rq I> H+K, ri lqfuhdvh lq fdwhjrulfdo yduldeoh iurp 3 wr 4 fklog1 Froxpqv 5/ 7/ : dqg </ zklfk
uhsruw ydoxhv iru frh!flhqwv2vwdqgdug huuruv/ duh lq devroxwh whupv1Wdeoh 8
Sduwlflsdwlrq lq Vrfldo Dvvlvwdqfh e| Jhqghu +Vsrxvh Suhvhqw,
Pdohv Ihpdohv
Elqr1 Surelw H2V Surelw Elqr1 Surelw H2V Surelw
frhi f2vh frhi f2vh h￿hfw frhi f2vh frhi f2vh h￿hfw
Frqvwdqw 0419: 5139 0417; 6137 31483d 0715< ;135 051;; 918: 313;4d
oq Zdjh 03138 ;194 03136 91<: 031483e 03137 81:5 03136 7199 0313;4e
oq VD Ehq 3148 41:5 3145 4196 31354e 3179 8193 3159 61;9 31365e
oq VD FoEn 03135 4146 03134 31:: 031334e 03134 3197 03135 4176 031335e
Vs Suhvhqw 03158 6154 0313; 4147 0313<4f 0315: 613< 03146 41;3 03134;f
Khdg 03146 516< 03145 5177 0313<8f 3157 7145 3144 5173 3134;f
& Idp Mrev 03195 4;1;4 03177 46149 031456g 03194 4:154 03185 4813; 031387g
Q> Syh> ( 6864: 4678 6864: 4678 3136; 668:3 499; 668:3 499; 31383
Orj Olnho 06494 049;95: 05;89 0474387
U5 316: 3185
Fruu Suhg 31<: 31<:
Qrwhv= +d, Suhglfwhg suredelolw| ri VD uhfhlsw zlwk frqwlqxrxv yduldeohv dw wkhlu phdqv dqg glvfuhwh yduldeohv dw
}hur1 +e, H￿hfw rq wkh suredelolw| ri VD uhfhlsw ri lqfuhdvh lq frqwlqxrxv yduldeoh iurp lwv phdq wr lwv pd{lpxp
ydoxh1 +f, H￿hfw rq wkh suredelolw| ri VD uhfhlsw ri lqfuhdvh lq gxpp| iurp 3 wr 41 +g, H￿hfw rq wkh suredelolw|
ri VD uhfhlsw ri lqfuhdvh lq fdwhjrulfdo yduldeoh iurp 3 wr4 fklog1 Froxpqv 5/ 7/ : dqg </ zklfk uhsruw ydoxhv iru
frh!flhqwv2huuruv/ duh lq devroxwh whupv1 Doo htxdwlrqv zhuh hvwlpdwhg zlwk wkh vdph vshfl￿fdwlrq dv lq Wdeoh 5
zlwk wkh dgglwlrqdo uhjuhvvruv/ vkrzq deryh/ wr frqwuro iru idplo| flufxpvwdqfhv1Wdeoh 9
Vxsso| ri Krxuv e| Lqglylgxdov rq Vrfldo Dvvlvwdqfh +Vsrxvh Suhvhqw,
Pdohv Ihpdohv
Wrelw H2V Wrelw Wrelw H2V Wrelw
frhi f2vh frhi f2vh h￿hfw frhi f2vh frhi f2vh h￿hfw
Frqvwdqw 044:15 41:3 04:17 3155 158> 4313d 851< 31:< 43<13 4185 169> 4:15d
oq Zdjh 319 31;9 415 4167 156> 481;e 0<19 <136 0<17 47134 0169> 04:15e
oq VD Ehq 71< 3179 0918 3187 0136> 0413e 31< 313; 0<1: 31;< 0137> 0518e
oq VD FoEn 0718 6167 0718 6166 0134> 031<e 061; 51<5 0717 6156 0135> 0418e
Vs Suhvhqw 04;1; 41;< 0<1: 31;; 0137> 0517f 04713 4163 04:17 418< 013<> 0818f
Khdg 651< 8139 6719 7165 14;> 441:f <13 4157 :1; 31<8 138> 51<f
& Idp Mrev 5316 7177 6815 :148 14<> 441<g 6<17 ;164 6414 81<4 14;> 4713g
Orj Olnho 07564 049;95: 079;< 0474387
Q 4678 4678 499; 499;
Syh :48 :48 ::4 ::4
Qrwhv= +d, Suhglfwhg suredelolw| ri oderxu irufh sduwlflsdwlrq I dqg h{shfwhg krxuv H+K,/ lq I> H+K, irupdw/
zlwk frqwlqxrxv yduldeohv dw wkhlu phdqv dqg glvfuhwh yduldeohv dw }hur1 +e, H￿hfwv rq I> H+K, ri lqfuhdvh lq
frqwlqxrxv yduldeoh iurp lwv phdq wr lwv pd{lpxp ydoxh1 +f, H￿hfwv rq I> H+K, ri lqfuhdvh lq gxpp| iurp 3
wr 41 +g, H￿hfwv rq I> H+K, ri lqfuhdvh lq fdwhjrulfdo yduldeoh iurp 3 wr 4 fklog1 Froxpqv 5/ 7/ : dqg </ zklfk
uhsruw ydoxhv iru frh!flhqwv2vwdqgdug huuruv/ duh lq devroxwh whupv1 Doo htxdwlrqv zhuh hvwlpdwhg zlwk wkh vdph
vshfl￿fdwlrq dv lq Wdeohv 6 dqg 7 zlwk wkh dgglwlrqdo uhjuhvvruv/ vkrzq deryh/ wr frqwuro iru idplo| flufxpvwdqfhv1